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PREFACE 


The need for an international potato center was recognized about 
two decades ago by leading potato researchers in Europe and North and South 
America, but efforts to conceive it were not fruitful until a potato program 
was developed by the North Carolina State University Agricultural Mission to 
Peru. During four years as leader (coleader with the Peruvian National Pota¬ 
to Program leader) of this program Dr. Richard L. Sawyer promoted the idea, 
and a special grant by the United States Agency for International Develop' 
ment permitted him to dedicate two years to the task of making it a reality. 
During those two years "planning funds" were used not only to prepare sup¬ 
porting documentation and to bring about the exchange of ideas with possible 
funding source representatives, but also to implement programs. 

During these planning years the "center" accepted responsibility 
for the maintenance of the germ plasm collection of the Peruvian Potato Pro¬ 
gram, coordinated and assisted a collection trip in Peru and Bolivia, promo¬ 
ted and supported programs for the selection of resistance to important pests 
and pathogens, and future staff members were either sponsored for advanced 
education or training, or were selected and oriented so that they would be 
ready to make rapid contributions when they joined the staff. 

The most significant steps during these planning years were: i) the 
signing of an agreement on the 20th day of January 1971 by representatives 
of the Ministry of Foreign Relations of Peru giving the Center legal status and 
special privileges, and of North Carolina State University as the cosignator 
lending its moral support, and ii) the handing over to the Center, by the Pe¬ 
ruvian Ministry of Agriculture, of the building (that quarters the Center staff 
and laboratories) and the land on which the other facilities are being built, 
which took place on January 25, 1972. 

Hence, when the Centro Internacional de la Papa became estab¬ 
lished among the family of centers upon receiving the blessing of the Tech¬ 
nical Advisory Committee of the Consultative Group on International Agri¬ 
cultural Research, it had already undergone a modest growth. By February 
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PREFACE 

1973 the following facilities will be operational: Four screenhouses and head- 
house; general storage building; soil and pot storage and treatment site; 
Virology, Mycology, Bacteriology, Nematology and preparation laboratories; 
and offices to house the 24 technical staff members and administrators. 

This rapid growth demanded more guidance than CIP s skeletal 
staff could provide in the beginning. A Center such as CIP requires the con¬ 
tinuing participation of top experts to give program guidance. To bring to¬ 
gether some of the leaders who could contribute their skills and concepts to 
help chart the course of development of the Center, and to announce to them 
its launching, this symposium was organized. It was held at the Hotel Crillon 
in Lima-Peru, July 17 to 19, 1972. A portion of the last day was spent visit¬ 
ing CIP's installations at La Molina District, near Lima. 

* 

The editing of the proceedings of this symposium was commended 
to me. I have received much advice and help, but take upon myself the res¬ 
ponsibility for what you see. Whatever deficiencies are noted are most likely 
due principally to my decision to make sure the publication date was not more 
than six months after the event, which placed a burden on the authors, my 
staff and I, and the printers. The authors remain responsible for their contri¬ 
butions which were modified in varying degrees by mutual accord. The Style 
Manual for Biological Journals published by the American Institute of Biolog¬ 
ical Sciences served as the guide for editing, with minor departures to ac¬ 
comodate the styles and standards of authors who are accustomed to writing 
for journals that do not follow this manual. 


Edward R. French 
La Molina 

December 6, 1972 
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DISCURSO DE INAUGURACION - PRIMER 
SIMPOSIO DEL CENTRO INTERNACIONAL DE LA PAPA* 


Richard L. Sawyer 
Director General 


En nombre del Centro (nternacional de la Papa me es grato darlesla 
bienvenida a este primer Simposio. Sin duda alguna habran mas;sin embargo/ 
este tiene un significado especial. Anuncia para quienes trabafan en proble- 
mas de alimentacion mondial, y para la comunidad cientiTica que laboraen a- 
gricultura, que el Centro Internacional de la Papa ha sido establecido. Los 
mismos potenciales que han sido desarrollados con el arroz, trigo y mafz pue- 
den ser ahora alcanzados con la papa„ 

La papaocupa el cudrto lugar entre los cultivosalimenticios mas im- 
portantes del mundOo Probablemente, la comunidad cientiTica que trabaja con 
la papa nunca ha tenido una reunion de envergadura tan internacional como es- 
ta. Esta representado aquf el liderazgo cientiTico del mundo que trabaja con 
la papa. Hemospatrocinado este simposio con el fin de aprovechar los conoci- 
mientos de estos cientiTicos al ponerse en marcha a este Centro. 

Deseo establecer en forma breve una base para las discusiones que 
tendran lugar en las sesiones. £,Que es el Centro Internacional de la Papa? 
^Como esta financiado? ^Cual es su objetivo? 

El Centro Internacional de la Papa esuna institucion cientffica, sin 
fines de lucro, con autonomfa tecnica, administrativa y economica, con sede 
en el Peru. Esta dirigido por una junta de directores, cuya composicion es 
internacional y con no mas de dos miembros por pafs. 

El Centro Internacional de la Papa es parte de una red internacio¬ 
nal de investigacion que se esta formando. El interes en el desarrollo de una 
familia de Centros fue estimulado por el exito alcanzado por el Instituto del 
Arroz (IRRI) en las Filspinas y por el Centro Internacional para el Mejora- 
miento del Mafz y el Trigo (C(MMYT) en Mexico. 


* Version inglesa sigue a esta/English version follows this one. 









CIP SIMPOSIO - DISCURSO DE INAUGURACION 

Actualmente hay siete Centros en el sistema. Cinco ya vienen ope 
rando y dos han sido formados este arlo. Estos Centros son: 


Centro 

Apjo de 

Iniciacidn 

Con centra cion 

de Pfograma 

IRRI (International Rice Research 
Institute) Los Bafios, Filipinos 

1959 

Arroz. 

CIMMYT (Centro Internacional para 
el Mejoramiento del Mafz y el Tri - 
go) Mexico. 

1966 

Mafz, trigo, cebada, 
centeno y triticale. 

IITA (International Institute for 
Tropical Agriculture) Ibadan,Nigeria 

1967 

Sistemas de cultivospa- 
ra los tropicos humedos, 
incluyendo mafz, arroz, 
tuberculosy leguminosas 
comestibles. 

CIAT (Centro Internacional de Agri- 
cultura Tropical) Cali, Colombia. 

1968 

Sistemas de cultivo para 
los tropicos enfatizando 
vacunos, porcinos, yuca, 
mafz, arroz y frijol. 

CIP (Centro Internacional de la Papa) 

1971 

Papa. 

ICRISAT (Institute de Investigaclones 
de Cultivos para los Tropicos Semi- 
Aridos). 

1972 

Sorgo ~ Mi jo y cultivos 
alimenticios leguminosos. 

Investigacion Ganadera para el Africa 

1972 

Investigaciones en vete- 
rinaria y en produccion 
ganadera. 


Estos Centros son.financiados a traves del "Grupo Consult!vopara 
la Investigacion Agrfcola Internacional 11 . Este grupo lo constituyen fundaciores, 
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instituciones y agendas de gobiernos que estan involucradosen asistencia tec- 
nica para la agricultura en los pafses en desarrollo. Los fondos para el Centro 
Internacional de la Papa para el afio 1972proceden de los siguientes miembros 
del Grupo Consultivo? Los fondos flexibles vienen de Dinamarca, EE.UU. y el 
Banco Mundial, Los fondos destinados a proyectos especfficos del Centro vie¬ 
nen de la Fundacion Rockefeller, U „S, AID, y los gobiernos deAlemania y 
Gran Bretana, Se espera que los fondos del gobierno de Holanda seanasigna- 
dos para el Centro en los ultimos meses de este afio. Los fondos procedentes del 
Grupo Consultivo son principalmente para el ProgramaFundamental del Cen¬ 
tro. Tambien incluye fondos para parte del Programa dePromocion de Tecnologfa. 
Los otrosCentros establecidoshan desarrollado un gran numero de proyectos es- 
especiales que dan ayuda a los programas regionales y nacionales. El Centro de 
la Papa tambien establecera proyectos especiales similares amedida queva de- 
sarrollando su programa. Aunque el Centro esta ubicado en el Peru, donde 
existe una gran variabilidad genetica, su programa seextendera a muchas par¬ 
tes del mundo donde se pueda cultivar y utilizarla papa para resolver proble- 
mas de alimentacion, 

El Programa del Centro se puede dividir en tres partes. Dos de estas 
(A y B) involucran la ejecucion de investigacion, y la tercera(C) la extension 
y aplicacion de los conocimientos de la investigacion en los pafsesen desarro- 
I lo o 

A. El Programa de Investigacion del Centro se concentra en la coleccion 
y mantenimiento del germoplasma y su utilizacion en lo que se refiere 
a los aspectos principales de resistencia, calidad y produccion en los 
pafses en desarrollo. 

B. Como ya existe una considerable capacidad cientffica para conseguir 
el mejoramiento de la papa, dentro de varias instituciones en el mun¬ 
do, el Centro esta estableciendo eslabones con estas instituciones pa- 
pra proyectos especfficos. La filosoffa basica es resolver los principa¬ 
les problemas de la papa para los pafses en desarrollo en donde se pueda 
hacer la labor mas rapida, efectiva y eficiente. El camino de la 
investigacion, hacia la resolucion de los principales problemas de la 
papa incluira seminario$» simposios y reuniones detrabajo que se con- 
duciran en el Centro u otros lugaresu 

C. El Programa de Promocion de Tecnologfa tiene la responsabilidad de la 
aplicacion de los conocimientos de investigacionymejoramiento de la 
produccion de la papa dentro de los pafses en desarrollo. Por lo tanto, 
involucra el desarrollo de programas regionales o nacionales y bue- 
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nos programas de produccion de semi I la. Para cumplir en parte esfa fun- 

cion patrocinara los siguientes tipos de programa de entrenamiento: 

1 . Cursilios cuya dura cion sera normalmente una campaPla de produc¬ 
cion de papa (desde la siembra hasta su cosecha); 

2. programas de estudio para el grado Magister Scientiae er el propio 
Centro; 

3. trabajo de tesis de grado avanzado, en el cual los requisitos de re- 
sidencia y los cursos seran completados en una Institucion extran- 
fera, y el trabafo de tesis ejecutado en el Centro; 

4. trabajo de post-doctorado, uno o dos aflos trabajando con material 
del Centro antes de pasar a un programa nacional; 

5. cientffico visitante - asignacion por uno o dos aPSos en el Centro 
para cientfficos de un pafs en desarrollo, para trabajar con el ma¬ 
terial genetico en un proyecto de especial valor para su pais. Esto 
conduce a una conexion permanente entre el Centro y el cientffico 
y sus necesidades cuando regresa a su pafs; 

6. mas adelante, seran posibles visitas cortas para administradores de 
investigacion en papa en pafses en desarrollo, con el fin de que 
puedan reconocer el potencial que pueda tener la papa. 

En sintesis, el Centro Internacional de la Papatiene la responsabi- 
lidad de catalizar y conducir investigacion para pafses en desarrollo, como 
tambien promover la aplicacion de estos conocimientos de investigacion pa¬ 
ra el mejoramiento de la papa en esos pafses. Este Simposio ha sido organiza- 
do como parte de este esfuerzo catalftico. 

Un comite de cientificos principalesque estaasistiendo al Simposio 
y que representa varios pafses^ ha sido nombrado para resumir las discusiones 
de este simposio, y hacer recomendaciones que puedan ser utilizadas en el de¬ 
sarrollo del programa del Centro. El informe sera publicado en los anales de 
este simposio. 

Por favor haganme saber amfoa cualquier miembro del CIP, si hay 
algo que podamos hacer para que su viaje al Peru y su participacion en el Sim¬ 
posio sea mas agradable. 








INAUGURAL ADDRESS, FIRST SYMPOSIUM OF THE 
INTERNATIONAL POTATO CENTER 


Richard L. Sawyer 
General Director 


In the name of the International Potato Center I welcome you to this 
Symposium. Therewil I undoubtedly be others, however, this one has a special 
significance. It announces to those concerned with world food problems,and 
to the scientific community working in agriculture, that the International Po¬ 
tato Center has been established. The same potentials can now be developed 
with potatoes that are already being realized with rice, wheat and corn. 

The potato is the fourth most important food crop in the world. The 
scientific community working w.ith potatoes has probably never held such a 
truly international gathering . Represented at thismeeting is the best scientific 
thinking in the world on potato problems. We have sponsored thisSymposium 
in order to take advantage of this knowledge as the program of the Center is 
activated. 


I would like to briefly establish a base for thediscussions which will 
be taking place at the sessions. What is the International Potato Center, how 
is it funded, what does it expect to accomplish? 

The Internationa I Potato Center isa non-profit, scientific institution 
established in Peru, with administrative and economic autonomy. It is govern¬ 
ed by a board of trustees whose composition is international with no more than 
two members from any given country. 

The Internationa I Potato Center is a part of an international research 
network being formed. Interest in the development of a family of Centers was 
estimulated by the successes of the International Rice Research Institute (IRRI) 
in the Philipines, and the Corn and Wheat Improvement Center (CIMMYT) in 
Mexico. There are presently seven Centers in the network. Five haveactive 
programs and two are being formed this year. These Centers are: 
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Center Yr. Initiated Program Concentration 


IRRI (International Rice Research 
Institute) Los Bafios, Philippines. 

1960 

Rice. 

CIMMYT (International Maize and 
Wheat Improvement Center) Mexico. 

1966 

Maize, wheat,barley,rye, 
triticale. 

IITA (International Institute for 
Tropical Agriculture) Ibadan,Nigeria. 

1967 

Farming systems for lowland 
humid tropics, including 
work on maize,rice,tubers 
and food legumes. 

CIAT (Centro Internacional de Agri- 
cultura Tropical) Cali, Colombia. 

1968 

Farming systems for the tro¬ 
pics with emphasis on beef , 
swine, cassava,maize,rice 
and beans. 

CIP (International Potato Center) 

Peru. 

1971 

Potatoes. 

ICRISAT (International Crop Research 
Institute for the Semi-Arid Tropics. 

1972 

Sorghum-mil lets,food legu¬ 
mes . 

Africa Livestock Research. Kenya. 

1972 

Veterinary research and 

livestock production. 


These Centers are funded through the Consultative Group for Inter¬ 
national Agricultural Research. This Group is composed of foundations, insti¬ 
tutions and government agencies involved in technical assistance to agricultu¬ 
re in developing countries. Funding for the International Potato Center for 
1972 is coming from the following members of the Consultative Group. 

Flexible funding is coming from, Denmark, the United States and 
the World Bank for Reconstruction and Development. 

Funding towards specific projects of the Center is being made avail¬ 
able by the Rockefeller Foundation, U.S. A ID,and the governments of Ger¬ 
many and Great Britain. It is expected that funds from the Netherlands Gov- 
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ernment will be allocated to the Center later this year. 

The funding coming from the Consultative Group is mainly for the 
Core Program of the Center. It also includes funding for some of the Outreach 
Program. The other established Centers have developed a large number of 
special projects which givehelp to regional and national programs. The pota¬ 
to Center will have similar special projects as its total program develops. 
Although the headquarters of the International Potato Center is located here in 
the area where the genetic variability exists, the program of the Center will 
extend to many parts of the world where the potato can be grown and utilized 
to help solve food problems. 

The program of the Center can be broken into three portions. Two 
of these (A and B) involve the conduction of research, and the third (C) the 
extension and application of research knowledge in the developing world. 

A. The Research Program of the Center is being concentrated around the 
collection and maintenance of germ plasm and its utilization for some 
major resistance, quality and production needs in developing countries. 

B. Since there already exists a considerable scientific capability to bring 
about potato improvement within various institutions around the world, 
the Center is linking to these institutions for specific projects. The 
basic philosophy is to solve the major potato problems for developing 
countries in the place where it can be done most rapidly, capably and 
efficiently. The research approach to solving the major potato problems 
will includeseminars / symposiums and workshops which may be conduct¬ 
ed at the Center or ar other locations. 

C. The Outreach Program of the Center is concerned with the application 
of research knowledge and improvement of potato production directly 
in the developing country. Thus it is concerned with the development 
of strong national or regional programs and good seed production pro¬ 
grams; To help meet these goals the following kinds of training programs 
will be sponsored: 

1 . Short courses the duration of which will normally be a potato grow¬ 
ing season (planting to harvest); 

2, formal education leading to a masters degree at the Center; 
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3* advanced degree thesis work in which residence and course re¬ 
quirements will be completed at a foreign institution and the thesis 
work conducted at the Center; 

4. post doctorate work - one or two year appointment working with 
material of the Center before moving along to a national program; 

5. visiting scientist - one and two year appointment at the Center for 
scientists from developing countries to work with the genetic ma¬ 
terial on a project of particular value to their country. This leads 
to a permanent linkage between the Center and the scientist and 
his needs when he returns to his country; 

6. in the future/ short term visits will be possible for administrators 
of potato research in developing countries, to help them recognize 
the potential that the potato may have. 

In summary the International Potato Center has a responsibility to 
catalyze and conduct research for developing countries, and also to promote 
the application of this research knowledge for potato improvement in these 
countries. This Symposium has been organized as a part of this catalytic ef¬ 
fort. 


A committee of Senior Scientists attendingthisSymposium, and re¬ 
presenting several countries, has been named to summarize the discussionsof 
this symposium and make recommendations which can be utilized in the devel¬ 
opment of the program of the Center. Their report will be published in the pro¬ 
ceedings of this symposium. 

Please let me or a member of my staff know if there is anything we 
can do to make your trip to Peru and your participation in the Symposium 
more enjoyable. 
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PROGRAMA DE INVEST!GACION DE PAPA EN CHILE 


„ Primo Accatino 

Institute de Investigaclones Agropecuarias, Santiago, Chile 


La papa es uno de los principals cultivos y posee un valor econo-, 
mico de’6.5% del valor total del Sector Agrfcola. 

Es e! alimento base de la pobladon chilena y se siembran aproxi- 
madamente 80,000 has. anuales con el cultivosiendo el rendimiento promedio 
de 8.5 a 9.5 tor/has. La disponibilidadper capita es en promedio de 60Kgs. 
al afio, la que debe ser elevada a 128 Kg$/afio, de acuerdo a la recomenda- 
cion del Servicio Nacional de Salud. El programa de investigaciones se de- 
sarrolla a nivel nacional y pertenece al Institute de Investigaciones Agrope¬ 
cuarias, siendo su obfetivo principal aumentar el rendimiento promedio de la 
papa. 


Los r'esultados obtenidos hasta la fecha han sido los siguientes: 

1 * Dada la falta grave de variedades adecuadas,recientemente se han intro- 
ducido al cultivo nuevas variedades: Desiree, Arka, Spartaan y Ultimus, 
que superan ampliamente a las ya existentes. 

2. Un adecuado programa de semilla de papa Certificadaseha iniciado y que 
viene a suplir una deficiencia prioritaria para el desarrollo del cultivo. 
Se espera que para el ano 1974 el porcentafe de semilla de papa certifica- 
da alcance a la meta de un 25% del total de semilla de papa que se co- 
mercializa en el pais. 

3. La investigacion en practicas culturales esta proveyendo informacion res- 
pecto a una relacion equilibrada, planta - agua - suelo, rotaciones ade- 
cuadas, poblaciones por hectarea y dosis de fertilizantes, practicas de 
siembra y control de malezas, enfermedades e insectos. 

4. Las perdidas por almacenajey conservacion deficienteshan sido disminufdas 
apreciablemente mediante el uso de bodegas adecuadas a las necesidades 
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de conservacion de semilla y de papa para consumo. Esta ultima es con- 
servada, con irrhibidor de brote a nivel naclonai para suplir los perfodos 
crfticos de abastecimiento de Setiembre a Febrero, en la zona central y 
sur de Chile. - - 

5 . Variedad autoctona (Corahila) de gran importancia comercial, ha sido re- 
cuperada de total infeccion virosa, mediante aislaciony cultlvo de meris- 
temas libres de virus y el material de tuberculos obtenidos esta en el pro- 
grama de certificacion. 

6. El programa de meforamiento genetico esta considerando las prioridades 
nacionales y cuenta con la posibilidad del uso denuevo germoplasma y 
nuevas tecnicas en meforamiento. 

7. Se iniciara el programa de investigacion en procesamiento y utilizacion 
con miras a la produccion de harina de papa y papa deshidratada princi- 
palmente. 

8. El entrenamiento de invest!gadores y tecnicos del programa, ha recibi do !la 
valiosa ayuda del Dr. John Niederhauser, quien tambien presta asesorfa 
Tecnica. 



PROBLEMAS Y PROGRESOS EN EL MEJORAMIENTO DE PAPA 

EN COLOMBIA 

Edmundo Perez M., Nelson Estrada y Armando Rodriguez 
Instituto Colombiano Agropecuario Prog 0 Tuberosas, Bogota, Colombia 


El cultivo de la papa ocupa el octavo lugar en importancia en Co¬ 
lombia, con una area sembrada de unas 100,000 hectareas desde una altura 
de 1,500 hasta 3,500 m.s.n.m, y una produccion de 900,000 toneladas. La 
mayor parte de esta superficie{80%) esta cultivada en extensiones menores de 
5 hectareas, con muy poca mecanizacion, Es un cultivo basico para los ha- 
bitantes de tierra frfa, en las dostas y en otras zonas de clima caliente es re- 
emplazada parcialmente por la yuca y el platano, pero de todas maneras su 
uso esta bastante genera'lizado en e! pais. 

La produccion abastece las necesidades pero en epocas de cosecha 
y debido principalmente a fallas en el almacenamiento y en la distribucion s.e; 
presenta abundancia del producto, lo que causa el descenso de losprecios al 
contemplarse una mayor oferta que supera a la demanda* Esto ocasionaun 
transitorio halago para elconsumidor y las consiguientes*perdidasde dinero$ 
entusiasmo para el productor, que se traduce en grandes cambios en cuanto al 
area sembrada de un ano a otro a 

En 1948 se iniciaron los trabafos de recole^cion de las diferentes 
variedades de Colombia y de otros pafses y desde esta epoca se han contlnua- 
do los estudiosde evaluacion y mantenimiento de la coleccion, hibridaciones, 
practices culturales y produccion de semilla. En este ano (1948) el Gobierno 
contrato losservicios del Dr» J.G. Hawkes, quien en colaboracion con tec- 
nicos colombianos eiaboraron un plan de trabafo de meforamiento, de fertili- 
zacion y de saneamiento de las variedades comerciales mas comunes en esa 
epoca „ 

En 1952ja Fundacion Rockefeller dio un impulso muy grande, con 
presupuesto y ayuda tecnica, con lo cual se logro un gran avance en la in- 
vestigacion para lograr mejores variedades, practtcas culturales mas apropia- 
das’ y la obtencion de semilla certificada. 
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Principal es problemas a resolver 1 

Las variedades eran de tipo tardfo (6-9 meses), muy susceptibles a 
Phytophthora infestans , de tuberculos pequenos (.menos de 40 grs.)- y bajos 
rendimientos (6 toneladas-por h'ectarea) „. * . 

El problema mas.grave que se tiene en la acfualldad es e! de las 
enfermedades causadas par los virus, los cuales bajan enormemente los rendi- 
mientoSo Los mas graves en el pats son; el enrol lamienfo de hofas, el virus 
X, el Y y el enanismo amarillo muy parecido ai virus denominado fentativa- 
mente Virus 3 en e! Peru 0 Estas endemias son especialmente graves/ par la 
poca informacion y conodmiento que tiene el agrlcultor de ellas, caso con- 
trario de*|o,-queocurre con la enfermedad causada por Phytophthora Infestans 
(Mont,) de Bary a la cgal el .90 6 100% de los cuItivadores la conocen y la 
controlan en forma eficienre, 

Otro de los problemas es la presencia de' Heterodera . rostochiensis 
(Woll ; )en un Departamento papero en el sur del pals, Esta plagd recien se 
detecto hace un ano y en la actualidad se estan iniciando trabajos de recono- 
cimienro de las areas Irifectadas y evaluacton de los danos que esta causando „ 
Se esta estudlando la Coleccion Central Colombiana con sus 3,000 clones, 
con el obfeto de observar si hay o no alguna variedad o variedades con resis- 
tencia a este organlsmo, y se esta trabafando con algunos nematicidas.(pero 
esta solucion es muy cara y se esperaque otros poises que tienen trabajos jnds 
. -avanzados a I respecto ayuden a su solucion) <, 

La mayorta de las variedades que se cu I tivan actual mente son relati- 
vamenfe susceptibles a Phytophthora infestans , para cuyo control el agricultor 
gasta mucho djnero enfumigaciones efe.ctuando en casosseveros de ataque has- 
ta 16 api lea clones o 

Son tambien graves problemas, las heladas y la presencia de Pseu¬ 
domonas solanacearum , E. F.- Smith,, las cuales seran motive de una nueva 
charia en el curso de esta serie de conferencias, 

Otros danos son causados por dos bongos que se presentan con me- 
nor incidencia,; Rhizoctonia solan? (Khun) y Rosellinia sp, 

En enfermedades bacterlales se puede anotar despues de Pseudomo ¬ 
nas solanacearum la enfermedad causada por Erwihia atroseptica (Van Hall) 
Jennison „ 
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En cuanto a practicas culturales, los principaies problemas son:l) 
Distandas de siembra muy amp lias por parte del agricultor, con sub-utiliza- 
cion del terreno, 2) tamafio desemilla, generalmente muy pequefia(20 a 30 
grs,) empleando 2 o 3 semi I las por sitio, 3) empleo de fungi cidas po.co apro- 
piados, epocasde aplicacion y con centra ciones inadecuadas, y 4) empleo de 
insect!cidas no recomendados. 

Los siguientes insectos son de importancia economica; Chiza \(An- 
cognata-escarabeoides ), Tiprrero (Agrotis ipsilon) ,Gusano bianco (Premno- 
trypes vorax) / Pulguilias ( Epitrix sp„), Minadores; ( Lyriomiza quadrata) y 
( Gnorimoschema sp.) y Afidos ( Myzus persicae ). Se han encontrado losing- 
secticidas mas apropiados para su control „ 

Las malezas (de hofa ancha) en muchos cases son agresivas y el 
control con agroqufmicos resulta muy ventajoso. Se han empleado con exito 
los Dinitros (Preemerge, Caldon) y tambien se esta usando el Afalon. Entre 
las maiezas mas comunes y abundantes estan: Gallinsoa parviflora Cav., G. 
ciliata (Raf.) Blake, Chenopodium pan!culatum Hook ,Spergula arvensis L. y 
Raphanus raphanistrum L. 

Para la produccion de semilia ha sido necesario establecer un pro- 
grama de certificacion, para demostrar a los agricuitores la bondad de la se¬ 
milia con alta sanidad. 

Progresos alcanzados 

* * 

1. Meforamiento de variedades: En 1956 se inicio la multiplica- 
cion de nuevas variedades habiendose entregado 17 de ellas. Las que mas se 
han distinguido y difundido a los agricuitores por sus buenas caracterfsticas 
son las siguientes: 

Diacol-Monserrate: Alta resistencia a Phytophthora infestans, buena calidad, 

alto peso especffico y. preco^idad (4 1/2 meses). 

Diacol-Capiro: Variedad muy precoz de buena calidad del tuberculo(color 
y forma) y resistente a varias razas de Phytophthora infestans . 

ICA-Purace: Actualmente la mas difundida con un 30% de la superficie cul- 
tivada en Colombia. Rendimientos altos (20 a 30 toneladas por 
hectarea) y buena calidad del tuberculo. 
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ICA-Guantivas Ha tenido buena aceptacion por parte del agricultor<> De 
buena calidad y tolerancia a virus, 

ICA-Nevadqs Es la variedad mas reciente con tolerancia a lasheladas(-3°C)„ 
Ademas tolerancia a virus, iigera resistencia a Phytophthora 
infestans, muy buenos rendimientos (30 toneladas por hectare^, 
buena forma, color y calidad del tuberculo, 

2 S Progresos en practicas cultural ess Se han dado recomenda clones; 
especiales en cuanto a distanclas de siembra, tamano de semilla, fungicidas 
para controlar Phytophthora infestans, epocas de aplicacion y dosis mas ade ~ 
cuadas, insecticidas para combatir los insectos del suelo y de! follaje, ma- 
tamalezas adecuados y los mefores defoliantes como el arseniato de sodio y 
dinitros. 


3„ Produccion de semilla: El Programa de Tuberosas, entrega los 
hibridos mas promisorios al Programa de Fitopatologfa para que se detecte la 
presencia de virus con inqcuiaciones en„plantas indicadoras y mediante ana- 
llsis al microscopio electronico, El material seleccionado se cultiva.en zonas 
altas sobre los 3,000 moS^m, por el sistema de familias clonales con el ob- 
jeto de fenerlas lo mas sanas posibles, * ' 

Cuando la produccion de estas familias llega a una cantidad mas o 
menos grande se entrega a la.Caja de Creditd Agrario para su multiplicacion 
y distribucion a los agricultores, 

Problemas actuales 

Se consideran como maypres problemas la necesidad de obtener va- 
<riedades con resistencia a los virus, a las heladas, a la bacteria Pseudomonas 
so Ian a cea rum , al Heterodera rostochiensis y a Phytophthora infestans 0 


EL PROGRAMA DE PAPA PERUANO 


Fermfn de la Puente C. 

Direccion General de Investigaciones Agropecuarias, 
La Molina, Peru 


De acuerdo a las ultimas estadfsticas disponibles en el pafs, el cul- 
tlvo de !a papa ocupa e! primer lugar de importancia por el valor bruto de su 
produccion y el segundo lugar |»r su superficie cultivada,, 

Practicamente toda la produccion es destinadaal consumo humano, 
habiendose estimado para el ano 1969 un consumo de 102 Kg. por persona y 
por ano. 


Si bien es cierto, que la oferta interna de este producto satisface 
la demanda; sin embargo acusa marcados problemas estacionales generados por 
la transicion entre e! cultivo de Sierra y Costa. 

La recopilacion de datos de los ultimos 10 anos indica que ha ha- 
bido un increment© de 33% en los rendimientos, con una tasa anual de incre¬ 
ment© de 3,4%. 

Los principales problemas que limitan la promocion de este cultivo 
y que son de importancia para esta reunion son: 

1) Que a proximo da men te en el 80% de! area cultivada con papa, se utilizan 
todavfa variedades nativas de bafa capacidad de produccion, largo pe- 
rfodo vegetativo y con carencia de resistencia o tolerancia a los princi¬ 
pales problemas fitosanitarios y a las condiciones climdticas adversas. 

2) Asimismo, que el 96% del area cultivada se encuentra locatizada en ia 
region de la Sierra y por lo tanto, constantemente expuesta a las bafas 

. temperaturas o heladas. 

3) Y por otro lado, gran porcentafe del area de la sierra se encuentra infes- 
tada en mayor o menor grado con el nematode dorado ( Heterodera rosto- 

’ chiensis). 
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Cd'mo problemas de orden regional en el norte de mi pats, pero de 
trascendencia intemactonal, podrfa referirme al problema de la "Mar chi fez 
Bacteriana 11 ( Pseudomonas solanacearum) y al de la "Rancha" { Phytophthora 
infestans) . 

Hay irfdudablemente otros problemas, que son mas del orden nacio¬ 
nal, tales como: carencia de buena semi Ha, mercadeo, almacenamiento, in™ 
sumos^tc,, que no creo sea de inheres tratar con mas amplitgd en estareunion. 

Con la finalidad de lograr una efectiva investigacion, que permita 
un apoyo positivo a la promocion de este cultivo en el pais, se ha formado el 
Programa Nacional de Papa, el que no es mas que la- integracion y coordina- 
cion de las acciones de investigacion que se realizan en la E.E.A. La Moli¬ 
na y en las Zonas Agrarias. 

Las finalidades de este programa son 4 . 

1) Aumentar la productividad de este cultivo; 

2) Lograr un eficiente uso de los insumos de la produccion; 

3.) Mejorar la estabilidad de la produccion; y, 

4) Propender a una me(or calidad del tuberculo. 

Los objerivos del programa son; 

1) , Incrementar los rendimientos unitarios del cultivo; 

2) Cubrir la demanda por este producto; y , 

3) Generar uh superavit que permita su exportacion o procesamiento. 

•• # 

Para cumpliir con estos objetivos, se ha planteado la siguiente es- 

trategia; 

1) Realizar una investigacion en base al desarrollo agropecuario nacional; 

2) Lograr una mefor coordinacion Intra- e inter-institucional; 

3) Conseguir una mayor y me[or capacitacion y perfeccionamiento del per¬ 
sonal; e, 

4) . Incentivar un mayor intercambio cientffico a nivel nacional e intemacio- 

nal. 


Las acciones de este programa se encuentran concentradas en las 
dsferentes disciplines; Mejoramiento, fltoparologfa, nematologfa, entomolo- 
gfa, riegos, suelos-abonos, produccion de semilla y extension.Nuevas ifneas 
de investigacion se han considerado en fisioiogfa y en la promocion de los 
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cultivates "amargos 1 ' pertenecientes a las ©species S. curtilobum yS. juzepc- 
zukii / que vegetan especialmente en la zona Norte / Sur del pais. 

r 

Para cumplir con las acciones de investigaciones antes referidas, 
el programa cuenta con los siguientes medios: 

1) Persona! especializado en cada disciplina, muchos de ellos con estudios 
de post-grado en ios principales centros de invest!gacion en* el mundo* 
Los especialistas coordinan sus acciones con los encargados de las dife- 
rentes Zonas Agrarias en las que se ha dividido al pats. 

2) Laboratorios e invernaderos debidamente equipados en la E.E.A. La Mo¬ 
lina y Huancayo. 

3) Campos experimentales en La Molina y en las principales areas paperas 
del pais. 

En los ultimos affos el Programa ha recibido un efectivoapoyo de la 
Mision de la Universidad de Carolina del Norte y de la Fundacion’ Rockefe-r 
Her. 


Asimismo, el Gobierno a traves de la D.G.LA. nos ha permitido 
contar con los recursos economicos necesarios para cumplir nuestra labor en la 
forma mas eficiente posible. 

Para terminar, quiero solo referir que es el deseo de nuestro grupo 
peruano y creo de todos los representantes de los pafses en desarrollo, que es- 
te Centro de reciente creacion, cumpla en la forma mas efectiva su principal 
objetivo: ayudar a nosotros f los investigadores de los pafses en desarroMo ,,0 re¬ 
solver los mayores problemas de produccion de este cultivo . 


CARACTERfSTiCAS DEL CULT1VO DE LA PAPA EN MEXICO 


Santiago Delgado Sanchez 
Instituto Nacional de Investigaciones Agrfcolas 
, Mexico 


En Mexico, !a papa se comenzo a culfivar desde hace 250 afios o 
qu izas mas en las partes altas de las sierras de la parte central de Mexico. 
Sin embargo, laepoca modernasepuede decirque data de 15 anos a la fecha.’' 
Durante esta epoca se abrieron nuevas zonas de cultivo,se incorporaron J las 
tecnicas mas avanzadas, se introduferon y crearon nuevas variedades, asf co- 
mo tambien ser formo ,y se puso en practica un sistema de produccion dfe^semir 
I la certificada. 

En los ultimos 5 anos (1965-1969) hubo un incremento de 42.9% 
en tos rendimientos de papa, sin haberse aumentado la superficie dedicada a 
la siembra de este tuberculo. Lo anterior ha venido a repercutir en la dispo- 
nibilidad de mayores alimentos para la Nacion, asf como la diversififcacion 
de la nutricion del pueblo mexicano. 

i 

f En Mexico' se siembran alrededor de 40,000 Has. conun promedio 
de rendimiento de 12 a 15 tons, metricas por Hecj’area.V'el cultivo se puede 
efectuar en 21 o quizas mas estados de la Republica. Esto implied necesaria- 
mente una serie de condiclones ecologicas diferentes, las cuales representan 
enfoques de investigacion distinfo's; Sin embargo, el cultivo se puede agru- 
par dentro de 3 tipos principales:* 

; a) Bajo condiciones de riego. Comprende zonas desde el nivel del 
mar- hasta 2,000 o mas metros de altura sobre el mismo, y sem- 

, brados con variedades mejoradas (Grupo Tuberosum) de un ci- 

clo vegetativo de 90-120 dfas de vida y rendimientos de 20-22 
tons ./Ha. 

b) Cultivo en las sierras. E! nombre "sierras" impiica una extensa 
zona montafiosa de Mexico principalmente de la mesa central, 
siendo areas representatives los estados de Puebla, Mexico y 
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Veracruz„ Lasr variedades que se emplean son "criollas" (del 
Grupo Andfgenum) de ciclo vegetativo bastante largo (190-200 
dfas), sembradas bajo condiciones de Humedad-Temporal, a al¬ 
titudes que fluctuan de 2,750 a 3,500 m 0 sobre el nivel del 
mar y con rendimientos promedios de 5-7 tons ./Ha, 

c) "Temporal 11 o epoca de Huvias, Comprende feon.as conaituras 
de 1,500-2,500 m, sobije el nivel del mar„ Sepueden.semhrdr 
con variedades resistentes (cruzas de Andigenum'- Tuberosum- 
Demissum) a la enfermedad conocida como Tizon Tardfo causada 
por el bongo Phytophthora infestans (Mont.) de Bary y rendi¬ 
mientos de 10 - 15 tods ./Ha 3 o con variedades susceptibles al 
mismo pero bajo proteccion con productos qufmicos y rendi¬ 
mientos de 18-22 tons ./Ha, 

A la fecha se reconocen, o cuando menos el autor asf lo reconoce, 
2 tipos fundamentales de problem as que al ser enfocados y resueltos adecua- 
damente incrementarian el consumo per capita de la papa (10-12 Kgs.), el 
cual actualmente es bajo. Losproblemas a investigar son los siguientes: 

1. Se debe vigorizar las siembras bajo condiciones de "temporal" 
o epoca de Huvias con variedades tolerantes ;a- Ph'ytopKthdrd 
infestans . Lo anterior implied un estudio para incorporar mayor 
"calidad" y 11 a da pta cion" a las variedades actuales. La siem- 
bra de "temporal" con dichas variedades es de un costo masba-i 
rato y ademas va dirigida a la clase de escasos recursos econo- 
micos que habita la parte central de Mexico, donde puede pros- 
perar el cultivo en la epoca de Huvias. 

2. Parece ser necesario iniciar estudios tendientes a abrir otras 
zonas con caracterfsticas adecuadas para la produccion de se¬ 
mi I la de alto registro o fundacion, ya que a la fecha solo se 
cuenta con una zona que es el Valle de Toluca end.Estado .de 
Mexico. Lo anterior vendrfa a repercutir en un fbrtalecimiento 
de economics regionales de otras areas y a la vez proporcionar 
a fos productores dte papa comercial con diversas fuentes de 
"semilla" y no exponer la produccion a los factores de una sold 
zona, que por logica no parece ser muy adecuado. 

Hasta Mayo de 1972, el Institute Nacional de Investigaclones A- 
gricolas contaba con un Departamento de Papa, e! cual operaba con 6 tecni- 
cos - 1 Ph„ D., 3 M.S. y 2 B.S. o Ingeniero Agronomo - , este person al es- 
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tablecia -regularmente 40-50 experimentos en 9-10 diferentes localidades de 
la Repubiica y evaluaba un total de 20,000 clones bafo las 3 condiciones e- 
cologicas que se tienen en Mexico. Los problemas que requerian de uso de 
Invernadero y/o Laboratorio se atendFan en ias Oficinas Centrales de Cha- 
p!ngo, Mex. El autor tenfa dlvidfdo el programa en las siguientes areas de 
investigacion: 1) Meforamiento; 2) Fitopatologfa; 3) Producclon de '‘semi I la"; 
4) Calidad; 5) Divulgacion Tecnica y 6) Diversos. 

« 

A partir de Junio se decidioquedesaparecieraono existiera 
un Departamento de Papa. Las investigaciones sobre meforamiento seran efec- 
tuadas en el Departamento de Horticulture y las de patologiqen el de Fitopa- 
tologfa,' 

Sin embargo nosotros pensamos-y con esto terminamos la pre¬ 
sen ta cion-que los altos incrementos de rendimiento obtenidos en los ultimos 
anos indican que la intervencion de la papa en la dieta mexicana ha ido au- 
mentando notablemente y sugieren una intensificacion de la investigacion pa¬ 
ra el mefor y mayor aprovechamiento de la disponibilidad de este alimento. 



DEVELOPMENT OF THE POTATO IN KENYA 


Simeon K. Njuguna 
National Agricultural Laboratories 
Nairobi, Kenya 


Introduction 


The cultivated-potato, Solqnum tuberosum originated from the South 
American highlands of Peru, Bolivia and probably Gofombia from diploid wild 
types with 2n = 24 chromosomes (Burton, 1948; Dodds, 1965; Hawkes, 1967; 
Simmonds, 1969 and 1971), Later there evolved both diploid and autotfetra- 
plotd cultivars with the latter being commercially the most important Andean 
group. 


According to Simmonds (1 971 ) few potatoes from the Andigenagroup 
botanically known as Solanum andigena, were taken to Spain, but they were 
poorly adapted to the temperate climate. The sixteenth century introductions 
were only a small fraction of the Andean germpfasm but in the eighteenth 
century through breeding some promising cultivars adapted to the temperate 
climates emerged. These quickly diffused over the European continent'and 
the potato became established as one of the major food crops in Europe. 

History of the potato in Kenya 

"The English Potato" as commonly known in East Africa was in¬ 
troduced into Kenya from Europe (undoubtedly from England) by the early 
European settlers; but there is no record of what particular yearor by whom. 
However, the annual reports of the Ministry of Agriculture (1912, 1917) state 
that the earliest recorded potato importation into Kenya took place in January. 
1912 followed by further importation of seed potatoes from South Africa in 
1917. The Agriculture Ministry (1929) reported^hat the imported stocks de¬ 
teriorated after three years or six growing seasons due to virus diseases and 
healthy potato tubers had to be imported regularly. 
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Distribution of potato cultivation-and, climatic conditions 

* 1 +' *1 * * 

• ;" ‘ • Potatoes ore grown between 4,500 ft. 1371m.) and 9 / 000ft«(2742,m a ) / 

elevation and between latitudes 2°N and 2°S'of the Equator on both; sides of 
the Rift Val ley with a yearly rainfall ranging between 30 and ,: - '60 inches 
(762-1524 mm.). There are two. planting seasons in the Eastern side of the Rift. 
The "Jong rains" crop, is-planted in March and lifted in July, and the "short 
rains"’crop is planted in October/November and lifted in February* The rain- 
fa IL during th& short rains is rather- erratic, hence the crop is very light. The 

‘ rains are heavier and more evenly distributed on the Western side of the Rift 
Valley where there is only one planting season ih'>April/May with lifting in 
. Augusf/September. The mean temperature is normally between 60 d Fand 65°F 
and potatoes can grow a II’ the year round when rainfall is adequate. . ; 

* « ’ J i X; 

-The best.elevation for potato growing .is between 6,000 ft 0 (1828mjk’ 
and 8/5,PP ft.(2590’m)'which is mainly in thesettlement schemes and the small-* 
scale^armin' 9 ;areas where the average size of holding is between 2 to 18.hec- 
tafes'and 0;5 to'8.0 hectares, respectively, in Kenya, pptatoes are produced ' 
both'as a food and as g cash crop and Some .farmers are becoming' more.' 'and - 
thore specialized in potato growing both for seed and ware markets o The.pres- 
. ent potato acreage, estimated to be about 60,000 hectares, is’sm'all when 1 
compared with the other food crops; but there has been remarkable improve¬ 
ment, jib/cultural.-pracf ices and in diseaserand pest control; hence yields of 
10}-j2 tons per acre have been reported. According to the F.A.O. (1955) 
reports, the average acreage for potatoes between the years 1948-1952 was 
about 5,058.7 hectares (12,500 acres) with '-approximately 4.1 tons per hec¬ 
tare (1.68 tons .per acre).. The annual potato consumption was also estimated 
to be about 9 Kg. (20 lbs.) per person. Today the.potato is in greater demand 
and it is now a common practice for many town people to plant a few rows of 
potatoes in their backyards. : * 

>- .. Durjng the. last three'years, l there-was p‘serious maize shortage due 

to drought and', because maize is the staple food of-many Kenyans, the ^Minis¬ 
try of ^Agriculture felt ‘there was- a’ need for developing the potato industry. 
During.this period a bag of potatoes could cost as much bs 'e.rghty t (80) Kenya 
shillings. Due to its high calorie procfuction potential per acre per given 
amountof water the potato.was,given high priority in bur Agriculture.'Simmonds 
(1971), reported that,. nutritionally the potato has a potential similar to any 
other tropical root’crop. E^jt if we accept the Tact thabin,Kenya we can grow 
j-fwo crops of potatoes per year-,, in contrast to one crop of yam.or cassava per 
year, then the obvious choice'would be potatoes, ■ -• ‘ ’ _ 4 

Unfortunately, there anesti 11’many'potatoes interplanted. ; With other 
crops in Kenya and the yield is very low (Table 1). •<*} ■.* 
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TABLE 1. Comparative surface planted to potatoes and other temporary starchy 
crops In hectares (x 1/000) on small scale farms and sett laments - 
schemes. 


Temporary crops 


Short rains 

1969/70 


Long rains 
1970 


Single 

Mixed 

Total 

Single 

Mixed 

Total 

English potato 

6.4 

14.5 

20.9 

6.4 

15.3 

21.7 

Sweet potato 

6,1 

16.5 

22,7 

4.6 

25.0 

29.6 

Cassava 

21.3 

54.6 

77.7 

13.8 

77.1 

90.9 

Yams 

0.2 

16,0 

16.2 

0.7 

11.4 

12.1 

Problems of potato development in Kenya 


Kenya is not unique in regard to some of the problems experienced 
in an attempt to develop potato varieties. In 1968/ it was realized that the 
potato varieties which were developed in and for the temperate countries were 
only good for one or two seasons in Kenya. Secondly, the main potato diseases 
in Kenya are late blight ( Phytophthora infestans), Bacterial wilt (Pseudomonas 
solanacearum )/ leaf roll and viruses e.g. Y, X, and S. Therefore, an inter¬ 
disciplinary potato unit was. established in Kenya to produce commercial va¬ 
rieties suitable for East African growing conditions. This work is progressing 
well but the following areas of research require to be explored. 

1. In Kenya, potatoes are grown between 8,500 ft. (2590 m.) and 9,000 ft. 
(2742 m.) mainly in Kinangop, Molo, around Mt. Kenya, MauNarok and 
Dundori; but unfortunately in these areas, potatoes are often damaged by 
frost. It has been shown by Brown (1963) that about half of the arable 
land in Kenya with 35" (949 mm.) rainfall or more, (approximately 10,500 
sq. miles) grows no crop properly other than potatoes. This land which is 
presently vacant or under-utilized ‘would accommodate approximately 
600,000 ten-acre%arms (allowing 72,000 acres of roads, schools and re¬ 
creational centres) and would support up to 6,000,000 people provided an 
alternative food crop to maize ts found. The potato, being quick-growing 
constitutes such a crop subject to disease and frost-resistant types being 
developed. 

BEST 
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2, Extension service - The present extension service In Kenya is far from 
being adequate, and it is not uncommon to find farmers who know very 
little about potato cultivation e.g. time to plant, spacing, fertilizer 
application rates and use of fungicides. Moreover, experience has shown 
that the poor farmers are the ones who have serious trouble with bacterial 
wilt, late blight viruses and a host of other problems. 

3. Storage and marketing of ware potatoes - Although Kenya can produce 
clean, good quality seed throughout the year in different ecological zo¬ 
nes, it has been difficult to take advantage of this because of the follow¬ 
ing; 

(a) Potatoes are very bulky and it is difficult to transport them from the 
remote areas to the marketing centres, and prices of such potatoes 
are too high to compete favourably;with locally produced potatoes. 

(b) In some seasons drought may affect the planted crop causing the price 
of potatoes to fluctuate from twenty Kenya shillings, at the time of 
lifting, to fifty Kenya shillings per 80 Kg. bag after/ oh lyty/o to three 
months. Therefore, investigation to establish the proper storage con¬ 
ditions should be undertaken urgently. 

(c) There is no proper marketing organization in the country to buy po¬ 
tatoes on wholesale and no credit facilities for the would-be buyers. 
Furthermore, there are no processing factories. 

Minor diseases and pests 

■f 

(a) Root knot nematodes (Meloidogyne spp.) 

(b) Potato tuber moth (Phthorimea operculella) 

(c) Cutworms (Agratis spp.) 

(d) Mealy bugs ( Pseudococcus spp.) 

(e) Blackleg (Pectobacterium phytophthora) 

(f) Black scurf (Rhizoctonia solan!) 

(g) Target spot (Alternaria solani) 
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The Kenyan Research Section was officially stai+edon July 1, 1970 
with the development of facilities at the National Agricultural Laboratories, 
as the disease intensive centre for breeding and raising seedlings, screening 
for disease resistance and initial selection for commercial quality, and at 
Mthanga Farm as the disease-free centre for the multiplication of healthy 
stocks of any promising cultivars produced. 

The staff consists of 14 Scientific Officers and 1 Farm Manager. 
There are ten small research glasshouses and one large glasshouse forthe screen¬ 
ing of seedlingsat both N.A.L.and Mthanga Farm. In addition, the borehole 
and the dam (4.5 million gallons) tofacilitate irrigation at the two centres 
are now in operation. 

The research objective is to produce potato varieties specially 
adapted to Kenya's ecological conditions. Such varieties should be outstand¬ 
ing in yield, size, shape, quality and disease resistance and should provide a 
ra'nge of maturity types. 

Breeding for disease resistance 

In East Africa, Blight and bacterial wilt are the two most important 
.diseases. Both diseases were first reported,in Kenya in 1941 and 1945 respec¬ 
tively (Nattrass, 1944-1945). The blight is an air-bome disease that is re¬ 
ported to have spread quickly across the African continent, dramatically 
destroying all potato crops. Wilt is both seed and soil borne and once the 
field is contaminated it takes years before any-potato crop can be successfully 
grown again. Therefore, a comprehensive breeding programme to produce 
high yielding varieties with a high degree of resistance to Blight, some re¬ 
sistance to Wilt, and resistance to viruses was started at N.A.L. in 1971. 
Tuber samples of about 160 selections for trial and breeding purposes have 
been imported. Some 500 packets of hybrid seed have been'introduced from 
the Scottish Plant Breeding Station, and also some 30 packets from Colombia, 
which are being screened for disease resistance. 

Bacteriology 


Large numbers of seedlings are being screened for wilt resistance. 
Another objective is to establish the ecological areas and limits above which 
wilt is not serious. Pathogens are being tested with a view of establishing the 
best inoculation technique and in addition, studies on the biology of the 
pathogen are in progress. ' 

available 
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Virology 

> j 

In Kenya potato viruses A, S, X,Y, and leaf roll are present<> The 
common aphis are Myzus persicae / Macrosiphum euphorbiae f Aulacorthum 
solani and Aphis gossypi? and a survey is being conducted to determine their 
importance in the spread of PVY and leaf roll. Isolates of viruses A, S, X, Y, 
and leaf roll are being maintained for testing new varieties from the breeding 
programme for their reaction to these viruses. 

Clonal maintenance and rapid multiplication 

The maintenance of the current commercial varieties in disease-free 
condition and the rapid multiplication of new varieties using the green stem 
cutting technique are conducted at Mthanga Farm. Presently approximately 
5 tons of a new seedling NF/66 has been produced. 

Training of seed inspectors 

A course has been started to familiarize seed inspectors with the 
commercial varieties, diseases and inspection standards required to produce 
certified crops. In May/June 1972 16 students attended this course on "Potato 
Variety Identification and Diseases". Of these, five came from Uganda and 
one from Tanzania and they all passed the test with credit and received a 
certificate of merit. 

Protein programme 

This programme was started in July, 1971 by a graduate student at 
the Faculty of Agriculture, Nairobi. The main objective is to determine the 
heritabiiity of protein content and then breed for higher protein levels in 
potatoes. Other objectives will involve determining the influence of altitude, 
fertilizers, and moisture on protein content. Screening for protein content 
among our clones is now in progress. 

Drought resistance 

Materials imported from Colombia and U.S.A.,which were bred 
for drought resistance are currently being bulked at the National Agricultural 
Laboratories and as soon as sufficient stocks become available, yield trials 
will be.conducted in the medium potential areas in Kenya. Although it is too 
early to. judge, many of these seedlings produced good’tubers during the short 
rains in Kenya and, astonishingly, none of these hybrids were affected by 
blight to any appreciable level. 
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THE POTATO AS A SUBSISTENCE AND CASH CROP 
' IN UGANDA' • 


Joseph Muki ibi * 

Faculty of Agriculture and Forestry 
• Makerere University, Kampala/-Uganda ' 


The potato, Solanum tuberosum (L.) is known in Uganda as the 
“Irish** or "English" potato to distinguish it from the "Sweet" potato, Ipomoea 
batatas {L.).LamJf-was-introduced' into Uganda at an' unknown date .presuma - 
bly during the last twehty years of the nineteenth century by colonial admin¬ 
istrators or missionaries,. It isrepor.ted by TothMI-(TO) that by the year 1900 
the potato was already grown in Uganda largely for sale to Europeans. 

Tothill(iO) also reports that there were several subsequent introduc¬ 
tions mostly from Kenya by Government officials and individual travellers. It 
can also be assumed that there were introductions from Zaire and Rwanda sjnce 
there was free movement of both Europeans and Africans between these coun¬ 
tries and Uganda especially info the district of Kigezi. Thus by . 1940 -the 
potato was already grown in the highlands of Kigezi, Toro and the slopes of 
Mount Elgon in Sebei : , and it was already being used as a subsistence crop in 
those areas. In 1947, the Government introduced new seed from Kenya to 
expand production in the highland areas (3), 

* ■ . . - 

Potato cultivation in Uganda has now expanded to such a level 
that there are well over 7,000 hectares (6) andhalf of thisarea issrtudtedin 
the highland district of Kigezi as is shown in Table 1. Tabje 1 also shows 
that the potato has spread to some lowland areas notably Buganda, Bunyoro 
and Ankole. Nevertheless in spite of the relatively large expansion in potato’ 
growing during the last 70 years, the potato is a’very minor crop in Uganda 
compared with the traditional non-cereal carbohydrate staples such as plan¬ 
tains, sweet potatoes and cassava as Table 1 cl early-‘shows and as observed by 
Me Master (5). 
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TABLE 1. Area occupied by Irish potatoes and some traditional staples in 
Uganda. 


District 

Irish 

potatoes 

Sweet 

potatoes 

Plantains 

Cassava 

Buganda 

223 

20,235 

211,253 

36,018. 

Toro 

202 

* 

* 

* 

Bunyoro 

162 

4,856 

12,545 

9,713 

Ankole 

81 

4,047 

52,206 

1,619 

West Niie/Madi 

202 

2,024 

1,619 

40,065 

Bugisu/Sebei 

2,024 

3,642 

40,875 

3,238 

Kigezi 

4,047 

23,068 

11,332 

** 

Others 

101 

275,196 

134,360 

78,917 

Total 

7,042 

333,068 

464,190 

169,570 


* Data not available. 

** Very little grown. 

Source: Produce Marketing Board for Irish Potatoes and Uganda Census of 
Agriculture Vol. Ill 1966, for the other crops. 

It should also be noted that the area suitable for potato cultivation 
is less than 10 per cent of the total arable area in Uganda because it is a high 
altitude crop. This fact would tend to limit its value as subsistence crop on a 
national level but would in theory increase its potential as a cash crop in the 
lowland areas where it would be relatively scarce, 

r 

The potato as a subsistence crop 

In order to appreciate the present and future positions of the potato 
in the subsistence economy of Uganda vis-a-vis the other traditional carbo¬ 
hydrate staples and especially the non-cereals, it is important to identify the 
characteristics of an ideal subsistence crop for Ugandan farmers. Most farmers 





THE POTATO IN UGANDA 


34 


in Uganda practice an unscientific and uncapitalized form of Agriculture. 
They do not use fertilizers, nor pesticides nor fungicides and they have a,res¬ 
tricted labour force usually confined to members of the family. Therefore an 
ideal subsistence crop must be able to give satisfactory yields in spite of weed 
competition and pest and disease attack. It should have good storage proper¬ 
ties and must,of course,be of acceptable palatabilify. It must also be of good 
dietetic properties since rural people have a monotonous diet. The traditional. 
Ugandan non-cereal carbohydrate staples, while not perfect subsistence crops, 
go a long way towards satisfying the criteria mentioned above. For example 
the sweet potatoes' vegetative growth is relatively fast covering the ground 
and thereby excluding most weeds. Although it may be severely attacked in 
some seasons by the butterfly A craea a cerate Hew., it is relatively free from 
devastating diseases and pests .The sweet potato keeps very well in the ground 
for several months and gives relatively good yields without the use of fertili¬ 
zers (4). It can also be grown from an altitude of 900 to 1800 meters. 

The Irish potato on the other hand does not grow well in lowlands 
because none of the varieties which have so far been introduced in Uganda is 
adapted to the lowland areas. The yields are poor (IT) both in the highlands 
and lowlands because it is generally severely attacked by both early and Tare 
blight. Therefore it would seem that it will be necessary to develop varieties 
adapted not only to the highlands as Wurster (11) observed ff but also to the 
lowlands before thepotato can become a universal subsistence crop in Uganda. 

It should also be noted that there are already severalcarbohydrate 
staples adapted to lowland areas. Thus, whereas in Kigezi,wher$ most of the 
Irish potatoes are grown, the sweet potato is the only mafor competing staple,- 
there are many such crops in lowland areas e.g. plantains, cassava, finger 
millet (mijo) and sweet potatoes. These crops could act as a dis-incentivein 
the adoption of the Irish potato as a subsistence crop. Further, Irish potatoes, 
unlike sweet potatoes, plantains or cassava, require more weeding and have 
to be harvested at one time and would therefore require the creation of stor¬ 
age space which is always limited in a small holding because crops such as 
grain legumes and cereals also compete for storage space. 

The potato as a cash crop 

The Irish potato, unlike plantains, cassava and sweet potatoes can 
after harvests, be stored for long periods under Uganda conditions and is easy 
to package and to transport. These characteristics make it an important crop 
for sale to large urban communities which are situated far away from the 
present centres of production in the highlands. That there is a marketfor - 
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Irish potatoes in Uganda is shown by the relatively large imports of potatoes 
from. Kenya and Tanzania during the last 10 years shown in Fig 0 1» These.Jm- 
ports though fluctuating, have involved sometimes over thirty thousand quin¬ 
tals valued at over one million shillings (7*2 shillings = 1 US dollar) between 
1965 and 1967 and .in 1971, and came mainly from Kenya „ 

The potatoes sold in urban areas are also obtainable from internal 
centres especially from Kigezio The marketing ofpotatoes in Kigezi is handled 
by the Kigezi Vegetable Union „ Between 1963 and 1968 the potatoes handled 
by the Union increased five times from about 45,000 to 230,000 Kg»{7) which 
indicates that the farmers have been obtaining good revenue from the sale of 
potatoeso 


Potatoes are however very expensive as -shown in Table 2, They 
are very often twice as expensive as sweet potatoes or plantains and on a dry , 
weight basis would be more expensive than finger millet (1), 

Acceptability of the potato as a food in Uganda 

The success of the potato as a subsistence and cash crop will depend 
on whether or not it possesses and acceptable taste^ The older generations in 
Uganda have very little taste for Irish potatoes but there appears to be strong 
evidence that the potato is a popular food among the youth„ 

A questionnaire on the palatabilify of the Irish potato compared 
with another eight common foodstuffs was sent to six boarding Nigh schools in 
the vicinity of Kampala and was answered by 300 studentsbratoghttup in rural 
areas,, Of these,124 students were from Buganda,85 from the Western Region, 
50 from the Eastern Region, 41 from the Northern Region and 78were women« 
The analysis of the questionnaire is shown in Table 3. On a national level, 
the Irish potato was third in popularity after sweet potatoes and matooke , a 
dish' prepared frofn plantains, and was followed by rice, cassava, finger millet, 
yams, maize meal and sorghum, in decreasingorderofpreference. In Buganda, 
the potato ranked second after matooke c In the Western Region potatoes 
ranked third, in the Eastern fourth and in the North fifth„ In Kigezi,the most 
important potato growing district, the potatoes ranked second after sweet po¬ 
tatoes and women preferred them to alt other foods except matooke * These 
results show that the potato may be one of the most preferred foods in Uganda, 



MILLIONS OF SHILLINGS 



YEARS 

FIGURE 1. IMPORTS OF IRISH POTATOES INTO UGANDA FROM KENYA AND 
TANZANIA. (SOURCE: ANNUAL TRADE REPORTS; EAST AFRICAN 
CUSTOMS AND EXCISE DEPARTMENT). 
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TABLE 2 C Local Market prices for Irish potatoes, sweet potatoes and plantains 
in 1971. 


Place 


Cents per kilogram 



Irish potatoes 

Sweet potatoes 

Plantains 

Kampala 

92 

87 

48 

Arua 

138 

54 

- 

Kabale 

. 39 

28 

34 

Jinfa 

77 

39 

30 

Mbarara 

46 

33 

23 


Source; Annua! assessment of prices for Agricultural produce in Uganda 1971s 
Produce Marketing Board, 


TABLE 3 0 The acceptability of Irish potatoes and certain other Ugandan sta¬ 
ples among high school students, 

Food" National Buganda Eastern WesterR Northern Kigezi Women 

Irish potato 3 2 4 3 5 2 2 

Sweet potato 1 3 2 12 14 

Matooke* 2 1 1 2 9 3 1 

Cassava 5 5 6 6 3 6 5 

Yams 7 6 7 7 8 8 6 

Rice 4 4 3 5 4 4 3 

Finger Millet 6 8 5 4 1 5,7 

Sorghum 9 9 9 9 6 7 9 

Maize Meal 8 7 8 8 7 9 8 


* Dish prepared from plantains. 
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Food value of Irish potatoes in Uganda 

One of the most important public health problems In Uganda is 
protein malnutrition,. There is particularly an acute shortage of sulphur con¬ 
taining amino acids especially methionine and cystine (8). Hence a good 
subsistence crop should contain sufficient levels of these essential amino 
acids, . , - 


The Irish potatoes grown in Europe and America apparently contain 
reasonable amounts of methionine (2), But, unfortunately current research, in 
the Faculty of Agriculture Makerere University, seems to indicate thatfhe 
Irish potatoes grown in Uganda are not only very low in protein,but also their 
protein quality is poor with regard to sulphur containing amino acids (9), 
Therefore it could be argued thatfuture work on the improvement of the.pota- 
to should take into account improving upon the amount and quality of the 
protein. But itseems, debatablewhether ornot much energy should be expanded 
in trying to convert a food which is basically a source of carbohydrates into a 
source of protein. There appear to be strong arguments in favourof improving 
upon the protein in crops which already contain large amounts of protein such 
as the grain legumes. 

Conclusion 


The foregoing account indicates that although Irish potatoes are a 
minor crop in Uganda as a whole, they are commonly grown as a subsistence 
and cash crop especially in the highlands. Together with sweet potatoes and 
plantains the potato may be one of the most popular carbohydrate foods in 
Uganda, but is very expensive. There appears to be a need for developing 
varieties which are better adapted both to thehighlands and lowland areas in 
order to make the potato play a bigger role in the subsistence economy of 
rural people and to make it cheaper for the urban communities. 
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POTATO GROWING AND ITS PROBLEMS IN KOREA 


Chung 11 Choi 

- Horticultural Experiment Station 
Office of Rural Development 
•Suwon, Korea 


Since the potato was'introduced into Korea from India and China in 
1824, it has been widely cultivated and hasserved as a staple food forthe pea- . 
santry living in the mountainous areas. From the latter half on the 1930's^ it 
has been extended to use in side-dishes and as raw material for starch process¬ 
ing, It has also become possible to grow potatoes on the paddy field prior to 
rice transplanting. Consequently, the potato cultivation area has been 
gradually enlarged. 

The situation of potato growing with respect to area under cultiva¬ 
tion, yield, and total production from 1962 to 1970 is shown in Table 1. The 
varieties that are cultivated at the present time, their maturity characteristics, 
origin, and percentage of area in each, are shown in Table 2. 


TABLE 1.- Area, yield and production of potatoes in Korea (1962-1970). 


Year 


Area (Ha.) 

Yield (Kg/10?) 

Total production 

(MA) 

1962 

. 

48.900 

843 

412.300 

1963 


45.860 

852 

390.900 

1964 

t* 

47.150 

1.210 

570.900 

1965 


60.700 

957 

580.490 

1966 


60.940 

1.130 

688.250 

1967 


58.570 

967 

566.070 

1968 


60.600 

1.018 

617.000 

1969 


56.460 

1.061 

599.290 

1970 


53.970 

1.121 

605.150 
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TABLE 2„- Principal information about varieties being cultivated at present. 


Name of variety 

Maturity 

Country of origin 

Percent area 
in cultivation 

Irish cobbler 

early 

, .U.S.A. 

80% 

Local variety 

Midseason and 
late 

Korea 

10% 

Shimabara 

For double¬ 
cropping 

Japan 

5% 

Others 


- 

5% 


Seed potato producing entities 

A. The Research Station has as its ultimate objective the production of 
Breeder's Stock of improved varieties. The characteristics of this Station 
and its programmes are as follows: 

The Alpine Research Station, Office of Rural Development, is located at 
Whoengke ri, Doam-myon, Pyongchang county, Kangwon Province 
(Taikwanryong pass) at an altitude of 820 m,. It has an area of 100 Ha. 
and 9 staff members. 

The main research programmes are: 

a) Potato Breeding trials; 

b) Potato virus disease trials; 

c) Potato disease and pest trials; 

d) Experiment of cultural practices; 

e) Nutrition and physiology of potato; 

f) Production of breeder's stock. 

B. Potato foundation-stock farms: one in each Kangwon and Kyongki Provin¬ 
ces. 

C. Certified potato seed farms: each of the 9 Provinces has one farm. 
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Potato research in Korea 

A. Breeding programme - Local varieties have long been grown in the Northern 
part of Korea. In 1920, the Nankok variety, introduced from Germany, 
was cultivated in Nankok farm in Kangwon province and about the same 
year, Irish cobbler variety was introduced from Hokaido, Japan and has 
been widely cultivated throughout Korea. 

From 1945 to 1962, a number of new varieties including Irish cobbler were 
introduced from the U.S.A. Once agencies for the production of seed 
potatoes were established in 1962, production of seed potatoes and its 
distribution began in earnest. 

The area of potato cultivation has been gradually increasing since pota¬ 
toes have been shown to grow successfully on paddy fields before rice 
transplanting. 

A breeding programme was established in 1965 in order to find varieties 
suitable for the. Korean climate. The contents of the programme has 
changed from the selection of introduced varieties to cross breeding, so 
that we are conducting crossing trials between varieties and trying to 
introduce prominent genes of wild species for the development of superior 
varieties which are early'maturing, high yielding, disease resistant and 
• high in starch content.' From 1965 to 1971, 98-cross combinations have 
been made and superior varieties will soon be selected based on yield po¬ 
tential and other characteristics. 

1 

B. The objectives of breeding - Priority has been given to varietieswhichare 
early maturing, high yielding, disease-resistant and with .a" high starch 
content. Also, attempts are being made to. develop potato varieties for 
potato chipping and the processing of starch. 

C. Selection of varieties- - Selection of varieties suitable for Korean climate 

and conditions is done by an examination of introduced varieties. Those 
which have been selected and distributed until now are: Irish .cobbler, 
Kennebec, Warba, Saco (introduced from U.S.A.),Shimabaraand Tachi- 
bana (introduced from Japan). ' . 

D. Cross breeding 7 -Selection of superior varieties, especially disease-resis-. 
* tant varieties, is under way among 98 cross combinations by inter-varietal 

and inter-specific hybridization. 'Emphasis is also placed on the use of 
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genes In wild species, for breeding of superior and disease-resisfanf va¬ 
rieties. 

E. Control of diseases: 

1. Research on virus diseases: The major viruses such as PVX, PVY and 
PLRV have been separated and identified through the reaction of 
indicator host plants by sap inoculation or insect transmission,physi¬ 
co-chemical examination, antiserum reaction and morphological 
examination with an electron microscope. The obtention of PVX- 
free stock is being accomplished through antiserum reaction and tis¬ 
sue culture methods. Separation and identification of strains of PVY 
is being done through the mechanism of transmission by insects, reac¬ 
tion of host plants to sap inoculation, and serological tests. PLRV 
research includes studies of insect transmission and establishment of 
chemical control methods. 

2. Research on late blight: For the developmentof varieties resistant to 
late blight, the races of Phytophthora infesfans p revailing in Korea 
have been determined. They are races 0, 1, 1.3, 1.4, 2.3.4, 
3.4, 1.3.4 and 1.2,3.4, the most frequent of which are races 
0 and 3. 

3. Ring rot disease control: Ring rot disease was a big problem in 1965, 
but came under complete control after 3 years through the steriliza¬ 
tion of the cutting knife and other appliances, and renovation of 
infected seed potatoes. Use of the Gram Staining Method was quite 
effective in determining the presence of this bacterium, Corynebac- 
terium sepedonicum. 

F. Contratof pests: 

1. Control of aphids: Virus-carrying aphids have been investigated in 
terms of their classification, distribution and ecology, and chemical 
control. The following virus-carrying aphids have beendetermined: 

a) - Myzus persicae 

b) s Aulacorthum solan? 

c) . Aphis gossypii 

d) Lipapis erysimi 
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2. Control of soil pests: A research programme has been conducted into 
the ecology and methods of control of pests in the soil (cut worm, 
army worm, and wire worm). 

G» Cultural practice trials: 

1 . Investigation of yield-increasing factors. 

2. Determination of optimum sowing times. 

3. Establishment of early-planting cultural practices, 

4„ Double cropping practices. 

H. Herbicide trials: 

lo Herbicidal effect on grasses and broad-leaved weeds. 

2. Investigation of chemicals and. their optimum concentration. 

3. Investigation of effective period of herbicide application. 

Principal problems 

A. Breeding of varieties which are early maturing and resistant to- low tem¬ 
perature: in the North of central Korea, severe winter cold keeps barley 
from growing successfully and also, the period of optimum temperature 
(average above 8° C) for potato cultivation lasts only 50 days from early 
April until June lOwhich is the rice-transplanting period. So, for suc¬ 
cessful potato cultivation in this area it is necessary to germinate the 
seeds and cultivate them under vinyl covers during the early part of the 
potato growing season. Therefore, if is desirable to develop new varie¬ 
ties which are faster in tuber setting and more vigorous under low tem¬ 
perature at the early growing stage, than the Irish cobbler variety which 
is being cultivated. 

Production and supply of disease-freeseed potatoesat a low cost: Thepro- 
iS!; d.uction cost of virus-free seed potatoes is at present too great to be fully 
utilized by farmers. A new production method must bedeveloped in order 
to grow virus-free seed potatoes successfully in warm areas such as the 
southern part of Korea. Production costs would then be immensely re¬ 
duced, making it thus possible for every farmer to purchase • disease-free 
seed potatoes. 
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C. Breeding of varieties resistant to diseases and rich in starch: The develop¬ 
ment of new varieties which are'rich in starch (more than 20%) and resis¬ 
tant to virus diseases is greatly needed because seed potatoes have de¬ 
generated to a great degree owing to aphid transmission of viruses. 

Technical Co-operation 

A strong and intimate relationship and co-operation between Korea 
and the International Potato Centre and as is the case' with the International 
Rice Research Instituted the Philippines should be developed as soon as possi¬ 
ble to accomplish the following objectives: 

A. Exchange information of research on potatoes. 

B, Training of Korean specialists at the Centre, to improve their techniques. 



PROBLEMS AND PROGRESS OF POTATO 
IMPROVEMENT IN INDIA 

Mukhtar Singh 

Centra! Potato Research Institute of India 


Although cereals constitute the staple food of the masses in India, 
the potato has also gained wide acceptance as an'important article of food by 
the rich and the poor alike* In fact, it is the highest common factor of all the 
popular vegetable preparations used in the country. The crop is grown, to a 
greater or lesser extent, in almost dll the States of India, Its cultivation is 
more concentrated in the Northern plains in the sub-tropical zone than in the 
warmer Southern parts In the tropical zone, The crop is grown in summer under 
relatively long day conditions, in the Northern hills; in spring, in Northern 
midhills, low hills and North Western plains; in autumn orwinterunder shorter 
day conditions in the plains; in winter as well as the rainy season in plateau 
areas; and in summer, autumn as well as winter in the Southern hills. The crop 
is mostly rainfed in the hills and is almost wholly irrigated in the plains and 
valleys* 


The area, production, average yield and per capita consumption of 
potato have almost doubled over the last two decades (Table 1)* Admittedly 
the per capita consumption of 6.8 Kg. .annum is low as compared with 200 Kg. 
or more in some of the advanced countries. The yield of about 90 q/Ha is 
also low, partly because the duration of the early crops is only about 70 days 
and of the main or the late crops about 90 to 130 days in the plains and the 
plateau areas which account for nearly 90 per cent of the area under potatoes 
in India, 

Problems of potato improvement 

The problems which have limited the area, production and consump¬ 
tion of potatoes in the country are: 

1) Ecological restraints in certain parts; 
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TABLE 1. Area, production and average yield of potatoes and per capita 
consumption in India. 


Year t 

Area 

(000 hectares) 

Production' 
(000 tonnes) 

A vg. Yield 
(0/ ha.) 

Per capita 
consumption 
Kg/annum 

1949-50 

234 ’ 

1,543 

65.9 


1950-51 

240 

1,660 

69.2 

3.65 

1951-52 

250 

1,712 

68.5 


1952-53 

255 . 

1,992 

i 

78.1 


1953-54 

257 

1,956 - 

76.1 


1954-55 

266 

1,764 

66.3 


1955-56 

280 

1,859 

66.4 


1956-57 . 

286 

1,724 

60.3 


1957-58 

321 ' 

2,004 • 

62.4 

- 

1958-59 

338 

; " 2,348 

69.5 


1959-60 

362 

2,733 

75.5 


1960-61 

375 

2,719 

. 72.5 

5.96 

1961-62 

365 

2,447 

67.0 


1962-63 

413 

‘ 3,365 

81.5 

* 

1963-64 

415 . 

2,593 

62.5 


1964-65 

429 

3,605 

-83.9 


1965-66 

480 ' 

4^060 

. 84.5 


1966-67 

473 

3,522 

• 74.4 

* 

1967-68 

501 

4,232 

84.4 


1968-69 

537 

4,773 

88.9 


1969-70 

496 

3,913 

78.9 


1970-71 

514 

' : 4,640 ' 

90.3 

6.76 


Source: Estimates of Area and Production of principal crops in India issued by 
Directorate of Economics'and Statistics,Ministry of Agriculture, New 


Delhi. 
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2 ) disease and pest incidence; 

3) the problem of supply of high quality healthy seed potatoes of 
varieties suited to different agroclimatic conditions; 

" 4) storage and dormancy problems; 

5) low inputs and standards of cultivations adopted by many (of.the 
growers; and, 

6 ) utilization problems relating to storage, marketing, transport and 
processing. 

Ecological restraints : The ecological conditions in the different potato grow¬ 
ing areas are given in Table 2, High temperatures af¬ 
fect the early crops in the initial stages of plant development, and the main 
crops-and the late crops in the later stages of development in the plains ♦Warm¬ 
er conditions prevail in the rainy and the winter seasons in the plateau areas. 
Frost hazards forbid early planting in spring both in the hit Is and North-Western 
plains, Thusunfavourabletemperaturesreduce the length of the growing season 
and consequently the crop yield. Warmer temperature conditions limit the 
spread of the crop to new areas and its intensity in the cropping pattern in 
existing areas. Moisture deficiency particularly on coarse textured soils af¬ 
fects the rain fed crops in the early stages, and excess moisture in the late 
stages in the hills. Soil fertility affects the crop yield in the hills and plateau 
areas, Fine-textured soils pose management problems in certain areas. 

Disease and pest ? problems: Late blight occurs every year In a severe form in 

ail hills and periodically in the plains (Table 2), 
The main races of the fungus are 0, 1 and 4, Besides late blight, brown rot 
and root-knot nematodes occur mainly in mid hills and low hills. Brown rot is 
also, present in the plateau region. Wart has established in Darjeeling hills. 
Charcoal rot causes considerable losses in the late liftings in the plains. Ex¬ 
cept in the very high hills, spread of viral diseases is high in all areas. Tuber 
moth and mites are important pests in the plateau areas. Cyst forming nemato¬ 
de has posed a serious problem in the Nilgiri hills. 

Seed problem : Aphid and leaf hopper vectors undermine the health standards 
of seed stocks, particularly - in the plains, mid hills and pla¬ 
teau areas, during certain periods of the year with a consequently high inci¬ 
dence of virus diseases, .Information on the areas and seasons most suitable for 
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production of virus free seed was lacking in the past, and supply of good 
quality seed from a reliable source acted as a limiting factor. 

The choice of varieties was also limited in the paste Inthehills and 
plateau <areas, some of the foreign introductions established themselves.Among 
these,mention may be made of Up-to-Date and Magnum Bonum in Himachal 
Pradesh; Arran Consul, Arran Banner and Kerr's Pink in the Eastern hills; Great 
Scot in Nilgiri hills; and Up-to-Date in the peninsular plateau, Inthepiains, 
local varieties such as Phulwa , Darfeeling Red Round, Satha and Goia the 
identity of which is not traceable, came to be grown predominantly. These 
cultivars have certain shortcomings. For example, all the commercial varie¬ 
ties grown in the hills and the plains are susceptible to late blight and brown 
rot. The varieties such as Phulwa and Satha produce small sized tubers, Dar¬ 
jeeling Red Round and Gola degenerate rapidly. 

Storage and dormancy; In the plains, potato have to be stored over hot sumner 

months. Cold storage of potatoes has come up grad¬ 
ually during the last three decades. Previously, table potatoes were stored in 
ordinary potato houses at high temperatures (25°C to 30°C) for three months or 
so after lifting. Seed potatoes had to be stored for 7 to 8 months, i.e., till 
the next planting. The losses caused-by rottage, sprouting and shrinkage were 
high. The storage problem apparently led to the selection of varieties such as 
Phulwa , producing small-sized tubers with good keeping quality and long dor¬ 
mancy. To minimise storage losses, as far as possible, the seed crops were 
planted late in winter and in spring. Moreover, delayed plantings in the plains 
were necessitated in the case of hill seed of varieties such as Darjeeling Red 
Round and Uprto-Date, lifted in autumn, » that the seed became non-dormant 
before planting. The practice was, however, not sound, as such late crops 
were exposed to high aphid incidenceJn spring and were, therefore, liable to 
rapid degeneration. With the development of cold storage facilities in the 
country, the storage problem has become less serious. Nearly l/3rd of the 
potato crop of the country is now being kepf in cold stores at about 2°C (36°F 
to 38°F temperature). There , is need for more cold stores. However, cold 
storage of potatoes is not an unmixed blessing; leaf roll viruswhich is inactiva** 
ted at high , temperature storage, remains viable in the stores,as indicated later. 
The production of virus-free seed potatoes in large quantities has thus assumsd 
even greater significance now than ever before. 

i 

In the hills, potatoes are stored in winter and storage problems are 
more or less the same as occur in cold countries. 



TABLE 2. Ecological conditions and disease and pest problems in the 


_ Region _ 

i. Himalayan very 
high hi I Is • 


li. High Himalayan 
hills 


ill. Himalayan Mid- • 
hills 


IV. North-western 
plains 


V.. North-central 
plains 


1 Elevation m. above 
sea level &soii type 

25.00-3000 m., acid or 
acidic soil of varying 
texture & depth. 

3000-3500 m., acidic 
soils of coarse to loamy 
texture. 


1800-2500 m.,acid or 
acidic soil of coarse to 
loamy texture. 


1000-1800 m., acidic 
soil of varying texture 


Below 300 m., deep al¬ 
luvial soil of neutral to 
slightly alkaline reac¬ 
tion. 




Below.300 m., deep al¬ 
luvial soil of neutral to 
slightly alkaline reac¬ 
tion. 


Crop season and whether 
Irrigated or Rainfed 

Summer : April to Sept. 
(Rainfed) 


Summer : June to Sept. 
(Irrigated) 


Summer : March to Augr 
Sept. (Rainfed) 


Spring : Jan. - Feb. to 
May-June(lrrigated) 


Autumn : Aug-Sept. to 
Nov. (Irrigated) 


Autumn : Sept-Oct. to 
Dec.-Jan. (Irrigated) 


Spring: Dec.-Jan. to 
Apri 1-May (Irrigated) 


Early: Sept, to Nov.r 
December. (Irrigated) 




different regions of India* 


Climatic features 

Frost and hails in early 
stages. Excess moisture 
during tuber develop¬ 
ment phase* 

Frost in early stages,dry 
weather during growth 
period, early snow-fall . 
near harvest season. 

Frost and hails after plant 
ing, deficient moisture in 
early stages of growth,ex¬ 
cess moisture during and 
after tuberisation. 

Frost and hails after 
planting. 

Frost before lifting. 


Supra-optimal tempera¬ 
tures in initial stages, 
frost in later stages. 

Supra-optimal tempera¬ 
tures during tuberisation. 


Supra-optimal tempera¬ 
tures throughout, rain 
showers after planting 
causing gappy stands. 


Diseases* 
Late blight 


Late blight occa¬ 
sionally in later 
stages. 

Late blight during tuber 
development period, 
marginal flavescence 
purple top-roll. Wart 
in Darjeeling area. 

Early blight, brown rot, 
high incidence of viral 
diseases. . 

Late blight in early 
stages, high incidence 
of viral diseases. 


Early blight. 


Late blight,early blight, 
charcoal rot,black-scurf 


Early blight, and other 
leaf spot diseases. 


& Pests* 

White grubs, epilachna 
beetle,slug, iedf-hop- 
pers, cutworms. 


Lepidopterous larvae, 
cutworms,white grubs , 
epilachna.beetle, leaf- 
hoppers, aphids in May- 
June. 

Cutworms,, root-knot 
nematodes. 


do- 


Leaf-hoppers( Ja$s i ds) 


Aphids , cutworms, lepi - 
dopterous larvae. 


Jassids. 




TABLE 2. (continued) 


Region ' - 

Elevation m. above 
' sea level &soil type 

Crop season and whether 
Irrigated or Rainfed 



Main: Oct. - Nov. to 
Feb.-March (Irrigated) 

Late: End Nov.-Dec. 
to March. (Irrigated) 

VI, (a) North- 

Deep alluvial soils of 

Winter: Nov. to March 

eastern . 

l 

slightly acidic to slight¬ 
ly alkaline reaction, 


(b) Central ■ 

Light sandy to heavy 

- do - 

Indian plains 

soils of slightly alka¬ 
line reaction. 

(Irrigated) 

VIi* Low hills & 

t - * 

600-1000 m, r red sandy 

Winter: Nov. to Feb.- 

plateau region 

and fine-textured black 
soils. 

March (Irrigated) 

... 


Ra iny: Ju i y'-Augu st :to 
Sept,-Oct. (Rainfed) 

ff 

' ! 

VIII.Southern hills 

1000-2000 m., acid 
soils of varying texture. 

- Summer: March — Apjril 
to Aug.-Sept.(Rainfed) 

Autumn: Aug.-Sept, to 

- 


Dec.-Jan, (Rainfed) 

Winter: Jan.-Feb. to 

May (Irrigated) 


* Underlining indicates severe disease or pest problem. 




Climatic features 

Diseases* 

Pests* 

Long growing season. Frost 
in submontane areas. 

Late blight,black-scurf 
charcoal-rot in later lif¬ 
tings. 

Epilachna beetle , 
aphids in ^ later 
plantings. 

Short growing season,supra 
optimal temperatures in la¬ 
ter stages. 

Late blight,Charcoal rot, 
early blight. 

Epilachna beetle , 
cutworms and a- 
phidsrn laterstages. 

Short and mild winter. 

Late blight. 

Epilachna beetle, 
aphids, red ants in 
Assam. 

-do- 

-do- 


Short and mild winter. 

Early blight,brown rot. 

* 

Cutworms, tuber- 
moth,aphids. 

Warm rainy season with 
indifferent soil moisture 
conditions. 

Sclerotium rot,wet 
& dry tuber rots, purple 
top rolSwitch's broom. 

Cutworms, tuber- 
moth, aphids & mi¬ 
tes. 

Moisture deficiency in 
early stages. 

Late blight 

Brown rot 

cyst forming nema- 
todes. 

Frost in later stages 

Late blight, brown rot 
and viral diseases. 

cyst-forming nem- 
atpdes and aphids 

/ 

Late blight, brown rot 
and viral diseases. 

cyst-forming nema- 
todes and aphids. 
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Low-Inputs and standards of cultivation! Most farmers'use farmyard 'manure,. 

. oiLeake and nitrogenous fertilizers. 
Phosphatic and potassic fertilizers and plant protection measures are used by 
progressive growers mainly. Many farmers still use small-sized potatoes as 
seed. In some of the areas, potatoes are grown on the same fields in succes- 
siona! cropping. This has aggravated the pest and diseases problems,as in the 
Nilgiri hills. 

Utilization problem: Despite low over-all production vis-a-vis the require¬ 
ments of the country, temporary gluts often occur near 
harvest time in the plains resulting in-a price crash, and adversely affecting 
the economics of the crop. 

Most of the foregoing problems are being tackled. There is a great 
scope for improving the place of the potato in Indian agriculture, if the re¬ 
sults of researches are translated into cultivator’s practice, and outstanding 
problems are solved through further research and development. 

The National Potato Programme: Recognition of the potentialitiesof the pota¬ 
to crop in the context of food problem in In¬ 
dia and the need for long range comprehensive research on the diverse problems 
of this crop, led to the establishment of the Central Potato Research Institute 
in 1949 with a view to stepping up potato production in India. The Institute is 
carrying out research, on a country-wide basis, on all aspects of potato improve¬ 
ment, development of agronomic technology, study and control of diseasesand 
pests, seed production, storage and control of dormancy. Over the years the 
Institute hasdeveloped a strong national programme which is continuallybeing 
strengthened in the successive Five Year National Plans. Besides the main Sta¬ 
tion at Simla, the Institute has its regional potato trial -cum- experimental 
centre^/research stations, to carry out research on the regional problemsof the 
potato. These centre^stations are located at Kufri-Fagu (H.P.), Mukteswar 
(UoP.)., Darjeeling (West Bengal), Shi(long.(Meghalaya)< and Oofacamund 
(Tamil Nadu) in the hills; at Jullundur (Punjab), Babugarh (U.P.) and > Patna 
(Bihar) in the North Indian plains; and at Rajgurunagar near Poona ( Mahara¬ 
shtra) In the plateau area. - The research activities of the Institute which were 
hitherto carried out in the different sections representing different disciplines 
have since been reorganized into four Divisions, viz,, 1) Genetics including 
* potato breeding and plant physiology, .2).Crop and Soil Sciences including A- 
gronomy. Soil Science, Biochemistry and Agricultural Engineering, 3) Plant 
Pathology including fungal, bacterial and viral pathology and 4) Entomology 
including nematology. - - - 
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The Institute has fairly well-equipped laboratories, glasshouses, 
stores and field faciii ties at Simla and Kufri-Fagu. Basic field and-laboratory 
facilities have also been created at the regional centre^/stations, and the faci¬ 
lities arte being further augmented. The Institute and its associated centre^/ 
stations are manned by qualified and experienced staff consisting of 20 Ph. D's 
63 with master's degree, 8 graduate assistants and’63 supporting. technical 
staff. 


Recently an all India Coordinated Potato Improvement Project has 
come into operation. In this project the Central Potato Research Institute with 
its regional centre^/stations and the Agricultural Universitie^CollegesorRe¬ 
search Stations of the State Departments of Agriculture, collaborate to imple¬ 
ment the following programme of work:, 

1) Breeding and selection of improved potato varieties suited to different re¬ 
gions; 

rf 

• a 

a) Early varieties resistant to the golden nematode for the Nilgiris; 

b) short-duration, day-neutral varieties suitable for Rabi crop, as well 
as monsoon crop, in the hills and plateau areas of Peninsular and 
Central India; 

c) late blight resistant and drought-resistant varieties for Eastern hill region; 

d) rapid-bulking varieties for areas of short and mild winters in the plains 
of West Bengal, Orissa, Madhya Pradesh and Gujarat, for fitting them 
into multiple cropping systems; 

e) varieties suitable for processing and industrial use for areas of high 
production potential, as in U?P. 

2) Research on the cultural and fertilizer requirements of improved varieties 
of potatoes in the different regions for the production of seed and ware pp- 
tatoes. . 

3) Study of the plant development under varying agroclimatic conditions. 

4) Cropping patterns in relation to potato, and their economics., 

5) Survey of pests and diseases affecting potatoes in the field and stores in the 
different regions, and evolving methods of controlling them. 

6) Survey for the build-up of aphid populations in potato crop In the princi¬ 
pal growing regions in the country, to locate areas suitable for producing 
disease-free stocks. 
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The Institute functions under the control of the Indian Council of 
Agricultural Research, and is primarily concerned with research* Potato de¬ 
velopment is the responsibility of the Departments of Agriculture in the States. 
Potato development officers have been appointed by the Department of Agri¬ 
culture in the important-potato-growing States. The Institute, however, im¬ 
parts training to the staff concerned.with potato development, by organizing 
short-term courses both in the hills and plains every year. 

The National Seed Corporation and the State Departments of Agri¬ 
culture, produce Foundation seed with-the Breeder's seed supplied to them by 
the institute. The programme of seed production is co-ordinated by the De¬ 
partment of Agriculture, Union Ministry of Agriculture. 

Progress made sor far: 

1. Varietal improvement ; A number of improved potato varieties have been 
bred, and.released as the "Kufri series", a name derived from the station 
where they have been bred and are maintained in disease-free condition. 
Among the released varieties, mention may be made of 

a) Kufri Stndhuri and, Kufri Chamatkar as main crop varieties suitable 
for areas of long winter in the North-Central plains/ 1 

b) • Kufri Chandramukhi and Kufri Alankar as short-duration varieties 

suitable for fitting in the'relay cropping system in'the North Indian 
plains, and also for general cultivation, in areas of short and mUd 
winter, ■ 

c) Kufri Sheetman as a-frost resistant variety for cultivation in the 

. North-Eastern plains region and 

d) late blight resistant varieties, namely Kufri Jeevan and Kufri Jyoti 
for cultivation in the North-Western hills, Kufri Khasigaro and 
Kufri Naveen for the North-Eastern hills, and Kufri Muthu for the 
Southern hills. Two promising wart-immune selections, namely, 
F. 5242 and F. 3977havealso been developed for cultivation in 
Darjeeling hills where both late blight and wart pose serious prob- 

' lems. 

2. . Seed productioni ' 

a) The development of the "Seed Plot Technique" which now makes it 
possible to produce disease-free seed stpcksof potatoes in'the North 
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Indian plains in autumn (October to December) when aphid inci¬ 
dence is low/ is one of the major contributions of the Institute; It 
has revolutionized the.practice of seed production. . Formerly the 
seed crop was raised in the plains, using the hill-seed, in the. late 
autumn or spring, when aphid infestation is high. This practice 
undermined the health standards of seed stocks resulting in low 
yields. 

b) Promising results have been obtained in controlling vectors of virus 
diseases with the use of systemic insecticides. This has opened up 
possibilities of raising seed crops in less suitableareas suchasPenirr* 
sular India, thus necessitating replacement of seed in only smaller 
quantities each year, for multiplication locally, 

c) The techniques of breaking dormancy, whereby freshly-harvested 
dormant tubers can be treated with chemicals for planting the next 
crop immediately, has been developed and successfully applied. 
Apart from being useful forgrowing successfonal crops with local 
seed in the.same-year in certain areas, this makes possible the ef¬ 
fective use of selected healthy hill-units for planting in the plains 
under "seed plot technique" in autumn, 

3. Control of diseases ; 

a) The effectiveness of fungicides and "the economics of their use for 
the control of late blight has been studied. The racial distribution 
of Phytophthora infestans has also been studied. Race "O" is the 
most common and races "l" and 11 4" occur in some areas. 

b) Leaf roll virus could be inactivated by high temperature storage 
(30°C or so) in ordinary stores or by hot water treatment, at 53°- 

'55°C for 17 to 25 minutes. 

, * > 

c) Seed treatment with AgaIlol-coupled with hot weather cultivation 
• has been found to greatly minimize the damage from black-scurf, 

which is both tubej-borne and soil borne. In recent studies, seed 
treatment with acetic acid has given promising results. 

4. Control of insect pests, vectors and nematodes: 

a) Treatment with heptachior controlled cutworms which particularly 
affect the late or the spring crop. Malathion has been found to be 
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beneficial in the control of tubermoth, which is a serious pest of 
potato in Maharashtra. The damage from vectors could be minimized 
through the use of insecticides, as stated above. Studies have also 
been completed with a number of systemic and contact organophos- 
phate insecticides available on the Indian marketwith a view to pre¬ 
paring a schedule'for the control of insect pests and vectors using 
organophosphate insecticides instead of organochlorines, Progress 
has also been made in the field of determination of residues of com¬ 
monly used insecticides in potato tubers andon the control of potato 
tubermoth by the sterile males release technique. Population dyna¬ 
mics of aphid vectors of potato viruses in important potato growing 
regions in the country is being studied for growing seed potatoes by 
adopting the seed plot technique. 

b) A leaf rooting technique has been developed for screening genetic 
material for resistance to root-knot nematode. Potato hybrids H.C. 
115,, !S. vernii and S^, spegazzinii have shown marked resistance to 
the root-knot nematodes Meloidogyne incognita, an important pest 
of the potato in the mid hTRsI They are being utijized in the pro¬ 
gramme for breeding resistance to this nematode. 

5, Agronomic investigations : 

a) Response to fertilizers was shown to dependon variety, planting time 
•.and moisture supply-. , Exotic and improved varieties with rapid bull*?- 

ing habit and large sizedtubers showedhigher response to potassium 
than the local varieties; .Optimum planting time gave best response 
to nitrogen. Frequent irrigation^-Improved response to nitrogen, 

b) Fertilizer schedules have been prepared on the basis of experiments 
conducted so far. 

« 

c) At high temperature in ordinary-stores, small sizedtubers, from ear¬ 
ly lifted crops and varieties with long dormancy, kept better than 
large tubers, from delayed liftings and varieties with short dormancy, 

d) Treatment with IPPC inhibited sprouting at temperatures of about 15 
to 18°C, but not at higher temperatures in country stores. 

e) Seed crops can be earthed up finally, immediately after planting 
and weeds controlled with.pre-emergence treatment with simazine 

. . anchor post emergence treatment with 3,4-DPA, to minimize spread 
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of mechanically transmitted viruses such as 'X' and 'S',by eliminat¬ 
ing post-planting cultivation operations. 

6. Breeder's seed production: A scheme for the production of Breeder’s seed 

has been taken up at the Institute as advance 
action under the Fourth Five Year Plan. Under-this scheme, the seed of 
improved varieties and important commercial varieties is developed in 
four stages starting with tuber-indexing,at Kufri-Fagu (Himachal Pradesh) 
in the high hills', and at Jullundur (Punjab) and Daurala (U.»P.) in the 
plains. The available facilities at Patna and Babugarh centres and Muk- 
teswar station are also being Utilized for the purpose. The seed is made 
available to the State Departments of Agricultur^/National Seeds Corpo¬ 
ration for further multiplication as foundation seed» Annually about 6,000 
quintals of seed is supplied to the collaborating agencies. This quantity 
on further multiplication is expected to cover about 1 /6th of the present 
area under potatoes in the country. As the .programme develops, larger 
quantities of Breeder's seed will becbme available to feed the seed pro¬ 
duction programmes in the States to bring about complete coverage of 
potato area with quality seed eventually. 

Important research projects in progress: 

1. Breeding for resistance to late Blight: Work on breeding varieties resis¬ 
tant to late blight was intensified 
as of 1961'. This programme is being carried out in collaboration with the 
Scottish Plant Breeding Station and the International Potato Improvement 
Programme of the Rockefeller Foundation in Mexico. The major objective 
of the project is to develop varieties possessing field resistance to late 
blight. During the period 1961 to 1970, about 263,000 seedlings result¬ 
ing from 166 cross combinations were screened for their reaction to a mix¬ 
ture of the prevalent races (0, 1 and 4)of the pathogen. 8,000 seedlings 
were selected and exposed to infection under field conditions. The geno¬ 
types showing high degree of field resistance were sent to Mexico. On 
the basis of the data on field resistance, the genotypes were selected for 
release as commercial varieties. Kufri Jyoti, Kufri Jeevan, Kufri Khasi- 
garo, Kufri Naveen and Kufri Muthee have been released for cultivation 
as stated earlier. A number of promising hybrids are on the assembly line. 
The released varietieshave maintained their attribute of late-blight resis¬ 
tance, and are in great demand. These varieties will now gradually re¬ 
place old susceptible varieties in the areas where lateblight Is a serious 
problem. As these varieties remain green for a longer period, they have 
not only a higher yield potential but are exposed to infection particularly 
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with the “yellows 11 group of diseases. Consequently, a strong seed pro¬ 
gramme is necessitated so that the solution of one problem does not lead 
to the creeping in of another. 

2. Breeding for resistance to brown rot ; Under a PL-480 project, a large col¬ 

lection of indigenous as well as exo¬ 
tic varieties alongwith wiidspecies and material sentbyDr. Rowe is being 
screened against the brown rot bacterium at Bhowali (U,P,). So far only 
two clones of S_. phureja have shown complete freedom (high degree of 
resistance) from wilt in the field as well as tuber rot in storage. These are 
B.H. 34 (derived from E,C, 97045) and S.S. 74-6-3, These two clones 
will be crossed with a few polyhaploids as well as treated with colchicine 
for the production of tetraploids to be used in crosses with tuberosum. 
Since 1969, a total number of over 6,000 accessions have been tested, 

3. Resistance to nematodes s The leaf rooting technique developed at the Ins¬ 

titute has been used for screening varieties, clo¬ 
nes and wild species for reaction to root-knot nematode. In the project 
for breeding against the cyst forming nematode which occurs in Nilgiri 
hills, two hybrids have been found to possess a high degree of resistance. 
However, in view of the complex nature of the organism with a number of 
biotypes, this project will have to be strengthened for diversified broad- 
based resistance against this nematode. A number of poly-haploids have 
also shown varying degrees of resistance. It seems that the cyst forming 
nematode in Nilgiris is different from that in European oountries;varieties 
reported as resistant abroad are found'to be susceptible. 

4. Poly-haploidy: Under a PL-480 scheme, polyhaploidsof selected varieties 

„ have been developed.. These together with the poly¬ 
haploids received from the U.S.A., arebeing screened for their potential-, 
ities for breeding and even for direct introduction as a commercial variety. - 
Selected polyhaploids have been treated with colchicine for the induction 
of tetraploids with a view to deriving desirable commercial types. 

Breeding for Charcoal rot resistance: In the PL-480 project for breeding 

varieties resistant to charcoal rot 
caused by Macrophomina phaseoli, over8,Q00 cultivarv^hybridshavebeen 
tested using the tooth-pick method developed at the Institute. Immune 
reaction in clone CRH-15-33 of chacoense has been found against ail 
the biotypes collected so Far. Some tuberosum hybrids like H.C. 294 have 
also shown- complete immunity to all the biotypes..isolated. These are be¬ 
ing utilized in .the breeding programme for the incorporation of resistance 
into commercial varieties. 


ir>n/i 
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6 C Adaptation of potato to warmer regions of India; This project will be re¬ 
viewed in another ses¬ 
sion of this symposium, 

7. Varietal'resistance to major viruses^ Genetic stocks are screened by the 

Division of Plant Pathology for their 
reaction to important viruses- In the breeding programme an important 
objective is to select genotypes with in-built resistance to mechanically 
transmitted viruses such as ’X 1 and 'S'- 

8, Pathological investigations; Symptoms of leaf hopper transmitted diseases 

“ such as “marginal flavescence 11 and related 

diseases like purple top roll and witches broom, are noticed in the field 
both in the hills and plains, and the hairy sprout symptom is seen in stora¬ 
ge- It is apprehended that these diseases which are suspected to be asso¬ 
ciated with mycoplasma like organisms, may assume serious proportions in 
the future- Work on these is in progress departmentally as a follow up of 
the work initiated earlier under a PL-480 project on hairy sprout disease* 

Also under way are studies on the development of agronomic technology 
for improved varieties; reaction of varieties to dormancy-breaking chemi¬ 
cals; chemical control of weeds; long-term direct, residual and cummula- 
tive effects of phosphate and pofassic fertilizers; growth regulation with 
chemicals; assessment of quality of potatoes and exploiting the possibility 
of sun-drying of potatoes with a view to utilizing the solar energy for 
obtaining a cheap non-perishable product- 
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THE IR-l POTATO COLLECTION 

1 * . ' ' * * 

.P, .Roger Rowe 

Agricultural,Research Service/ U.S. Department of Agriculture 
Univ. of Wisconsin and IR-l Project, Sturgeon Bay, Wise. 


The potential value of Solanum germ plasm is well recognized by 
potato breeders,. As a result, ,much effort has gone into collecting, maintains 
ing, and evaluating the wild and cultivated Solanum species. .However, much 
more work is required. Fir$t, we need to obtain a more adequate sample of 
germ plasm.. .Researckon the proper-procedures for maintaining these stocks is 
needed. And finally, thereshould.be a much greater effort to evaluate the 
germ plasm pool that ts already available and to learn how to best utilize the 
diversity that exists. . . 

My primary assignment for today is to discuss the potato germ plasm, 
collection that is in Sturgeon Bay, Wisconsin., in addition to this, L want to 
offer some suggestions on some specific things that I think should be done in 
the area of potato germ plasm maintenance in the future. 

- A. , F 

The title of the project to maintain potato gerrrt plasm for the 
United States is, the Inter-Regional Potato Introduction Project. It is called 
inter-regional because it is .supported by funds from all of the states in the 
four Experiment Station Regions in the United States. It was the first inter¬ 
regional project that was developed and so it is also known as IR-l. 

The need for a Solanum germ plasm center in the United States was 
irecognized soon after the first potato collecting expeditions went to South 
America, Many.stocks were being introduced but most of the materials were 
being lost because there was no facility available to maintain, these diverse 
species. As a result of the efforts of potato breeders in the .United States, a 
project.was developed and initiated at Sturgeon Bpy in 1950. 

- The-.objectives of the project are to introduce, maintain, classify, 

distribute and evaluate potato germ plasm.* I want to discuss the IR-l Project 
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Under each of these objectives. ■ ,. , • . 

j 

Stocks are added to the IR-1 collection largely by: 1) direct re¬ 
quests to foreign laboratories or stations for certain of their breeding selec¬ 
tions and 2) organized expeditions led by plant collectors. Over.3500 intro¬ 
ductions have been received from approximately 40 countries since 1950. 
Samples.of almost 90 species are now in the collection. These stocks have 
been introduced through the cooperation of many potato workers from all over 
the world. 

Maintenance of the stocks in a large collection is a task that re¬ 
quires care-ond planning. Maintenance/by vegetative reproduction is costly 
and requires constant attention fo prevent virus infection from spreading. -For 
this reason, "those clones that have a known genotype that’is'of value are 
maintained’vegetatively. This includes- tester-stocks such as late blight dif¬ 
ferentials/and cultivars from other countries.- In the near future, genetic' 
marker stocks may be added to the collection. 

Over 90% of the introductions are maintained as true seed thafis 
obtained through self-poll inating, sib-mating, or hybridization. After the 
seed is extracted, it is dried to 5% moisture, counted and sealed in metalized 
polyester packets. When treated in this manner and stored in a refrigerator, 
seed stays viable for 10-15 years.- «■ • • 

When a germ plasm collection sends out a sample of any of its 
stocks, it is important that’the material be correctly labelled. In most cases, 
the scientist that receives the stocks will not be aware of all of the details'of 
Solanum taxonomy and-may not recognize an improperly identified stock. It 
is essential then that all stocks in a collection be checked-by a-taxonomist 
and that accurate records be maintained. The stocks in the IR-1 Collection 
are checked by taxonomists such qs Hawkes, Corel I, Ochoa, and Ugent. 
Stocks that are not clearly identified normally are not included in the inven¬ 
tory of available introductions. 

Distribution is possibly the most important function-of a germ plasm 
collection. It does no good'to accumulate a large col lection'if tKestocksare 
not used. Distribution requires a certain amount of effort by the collection to 
publish information about its stocks and to promptly supply material that is 
needed; First, an inventory of stocks that are available is needed. This must 
be provided to all potential users. In the inventories that are distributed from 
Sturgeon Bay, screening data are compiled so that scientists will have a basis 
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for selecting stocks for their research. A germ plasm collection needs to be 
organized to respond quickly and with accuracy to any request. .Records of 
ail shipments should be kept on file. A special effort is needed to anticipate 
future needs and to determine new procedures that might assist the scientists 
and promote more use,of the material. For example, many scientists prefer to 
plant tubers rather than seed. For this reason, the 1R—1 Project has a program 
to produce tuber families of wild species each fall. These are distributed 
each spring with the understanding that these clones will not be asexually 
propagated at Sturgeon Bay. 

Distribution of IR-1 stocks now averages well over 3000 lots of 
seeds and tubers each year. These are sent to approximately 20 states in the 
United States and to approximately 20 other countries. I feel that this has 
been one of the most successful aspects of the IR-1 Project. 

Distribution of stocks and utilization are closely related. As the 
number of stocks distributed each year has increased, the number of publica¬ 
tions that report the use of IR-1 stocks in research has increased as well so 
that now it is over 30 per year. A broad research effort is required in order 
. to gain information on the value of the Solanum species and the best proce¬ 
dures for utilizing these traits. 

ih 

The use of IR-1 stocks over the past 4 years is shown in Table 1. 
Most stocks have gone to breeding programs and for evaluation for horticul¬ 
tural type and for screening for resistance to disease and insects. Distribution 
during this period averaged almost 3500 stocks per year. 

This has been a relatively brief summary of the organization and 
work of the IR-1 Project, Now 1 want to make some comments on the pro¬ 
blems that should receive attention in the future. With the development of 
more active germ plasm collections in South America, the question is often 
raised about the emphasis that these collections should have and how the IR-1. 
Project might relate to these new collections, 

I presented some data in 1970 on the number of accessions that 
were being maintained by three of the largest collections in the Northern 
Hemisphere. At that time, it appeared that there were'only 1500 different 
accessions of the wild species. Over half of these were for 7 species and over 
half of the species were represented by from 1 to-4 accessions. This points up 
the fact that more collections of many of the lesser known species are bad.ly 
needed. 
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TABLE 1Use of IR-1 stocks that were distributed 1968-71/. 


Use 

i . 

Numbers 

Breeding programs 

. 3204 

Horticultural evaluation 

2590 

Entomology 

1956 

• 

Patho logy 

* 1787 

Geneti c 

1497 

Taxonomy 

1008 

Nematology 

751 

Physiology 

577 

Germ plasm centers 

474 

Teaching and exhibits 

59 

Gardens, ornamental 

• 20 

Total 

13,923 


Here is where the collections In South America can make a tre¬ 
mendous contribution. Because of their location, they are in a position to 
repeatedly sample areas, send teams Into more remote areas, and generally 
accumulate a larger sample of the diversity that is available. These stocks 
can be shared with other collections to ensure that they will not be lost. A 
good example of this is the extensive collecting that has been done recently 
by Dr-. Okada and Mr. Hoffman in Argentina. In the past two years they have 
sent oyer 300 new accessions of species from Argentina to the IR-1 Collection. 
Efforts such as these will ensure that there will be a large sample of diversity 
available for potato scientists, to utilize. 
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Another serious problem that concerns many people is the question 
of how to preserve the complex of cultivated forms. I do not believe that it is 
possible to maintain and evaluate every clone. Even if the cultivars that are 
synonyms and that are different could be distinguished I do not think an attempt 
should be made to preserve all of these as clones. If the assumption that these 
stocks are valuable because they representa genetic resource and that theywill 
not be used in their current form as cultivars is correct, then it seems logical 
that these stocks should be put into systematic .genetic pools that can be main¬ 
tained efficiently. The most realistic approach seems to be to group together 
cultivars on a basis of geographic origin, and then intermate them tp form 
populations that can be maintained in the form of seed. These gene pools 
could then be sampled and evaluated. Here again, scientists in South America 
are probably in the best position to evaluate this problem and to implement 
maintenance procedures. 

Although.almost all of the wild species can be maintained easily . 
at Sturgeon Bay, a few species are extremely difficult to propagate. It may 
be easier to have species such as these grown in collections closer to their 
native habitat. Research should be done with these species to' determine their 
requirements for reproduction. Such information may eventually prove to 
have wider application. 

The wild Solanum species represent a natural resource that must be 
maintained. The organization of germ plasm collections In South America 
during the past few years is"a significant development. There are many ways 
in which these collections and the 1R-1 Project can continue to cooperate in 
the future. I hope that the discussions during this symposium will do much to 
advance this mutual effort. 
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EL GERMOPLASMA DE PAPA EN SUDAMERICA 

• - -Carlos-Ochoa ... 

' Universidad Nacional Agraria,. 

La Molina, Peru 

* 

Cerca de mediosiglo despues de que-apareciera publicada.la prime- 
ra referenda sobre la existencia de la papa (45) e! botanico suizo Gaspar Bau- 
hin en T596 (2), presento al mundo cientffico la primera descripcion botanica 
de esta planta designandola Solanum tuberosum ,nombre conservado por Linneo 
en su obra Species Plantarum (44)-y que se mantiene hasta el presente para la 
papa.cultivada.. . ’ ----- - 

El conocimiento de las papas silvestres permanecio, sin embargo, 
ignorado por mas de tres siglos despues de descubierta la America. Su exis- 
tencia es revelada muy brevemente, por primera vez, por Ludovico Bertonio 
(4) y no por Cobo (24) como generalmente se aflrma, cuando en su Vocabula- 
rio de fa Lengua Aymara, publicado en el Peru en 1612 cita el nombre de 
"Apharu 11 con el que se conoce actualmente ct una papa silvestre que abunda 
en el Altiplano y que Bitter (5) described a principios del presente siglo, bajo 
el nombre de Solanum acaule. • * ’ 

Sin embargo, fue el explorador frances PhilibertCommerson quien 
en<1767 colectopor primera vez una papa silvestre con fines cientfficos, Es¬ 
ta papa recogida en las vecindades de Montevideo, Uruguay, fue .tambien la 
primera especie silvestre presentada al mundo por Djnal en 1813 bajo el nom¬ 
bre de commersoni (cit. p, Hawkes y H}erting, 40) 0 Desde entonces hasta 
el presente se han propuesto gran numero de especies para la Seccion Tubera- 
rium del Genero Solanum, grupo confinado al continente Americano dentro 
del cual Sud America tiene gran riqueza como luego veremos, 

Al revisar la enorme masa de descripciones de especies tuberfferas 
propuestas desde !a epoca de Dunal hasta hoy> podremos constatar cerca de 
340 entidqdes sin contar las especies dudosas ( nomen dubium y nomen nudum ). 
No obstante, a la luz de los conocimientos actuales esta cifra se reduce gran- 
demente. Despues de referirnos brevemente a los trabajos taxonomicos reali- 
zados por Dunal (29,30,31), Torrey (62), Schelechtendal (60,61),Lindley (43), 
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Gray (34), Baker (1), Berthault (3), Bitter (5,6), Wittmack (67), Rydberg(59) , 
Juzepczuk (41, 42), Bukasov (12,l|, 14,15,16,17,18), Hawkes (35,36,38), 
Hawkes y Hferting (40), Correll (25), asf como q las contribuclones aportadas 
por autores residentes en 5ud America, tales como Philippi (58), Vargas (64, 
65, 66), Cardenas (20,21,22,23) y otros, llegamos a la segunda mitad dej 
presente siglo en la que aparecen nuevas contribu ciones. La decada de 1950. 
hasta el presente, constrfuye un perfodo particularmente importanteparael me- 
jor conocimiento del germoplasma amertcano de papasy su clasificacion. 
Asf en 1962,, aparece la primera obra monografica y la-mas completa conoci- 
da hasta hoy sobre la materia ^scrita por el Dr. Donovan S. Correll bafo el 
tttulo "The potato and its wild relatives" (26). Un affo despues de la publica- 
cion de esta obra, el Profesor Hawkes (38) nos da a conocer su segunda revision 
sobre los Solanum tuberfferos, Tambien en 1962 se publica el primer trabajo 
monografico sobre las papas silvestres del Peru (Ochoa, 48), este mismo afio 
Montaldo y Sanz(47) dan a conocer su clasificacion.sobre las papas silvestres 
y cultivadas de Chile. - En 1966 Flores Crespo*(32) r informa sobre los resulta- 
dos de su revision del grupo tubenfero silvestre de Mexico. Finalmehte en los 
ultimos diez arfos se han dpdo a conocer un buen numero de especiessilvestres 
nuevas debidas principalmente a las contribuciones de Brucher (7,8, 9, 10) y 
Ochoa (49,50,51,52,53,54,55,56,57). 

Correll y Hawkes, en las obras ya referidas (26 y 38) dan una am- 
.plia informacion sobre la sinonimia de especies que orienta hacia una mejor 
comprension - del problema hasta entonces caotico. Sin embargo, enfre ambos 
investigadores existen desacuerdos de clasificacion particularmente en lo re- 
la ciona do con losgrupos taxonomicos o series. Asf, mientras que para Correll 
existen 26 series, Hawkes basa sus clasificaciones sobre un total de solamente 
17. A esta sifuacion se suma la ultima publicacidn monografica hecha-por 
los investigadores rusos (Bukasov et al. 12) aparecida recientemente en Lenin- 
grado, en la cual el numero de series consideradas es. 32 y dondemuchas es¬ 
pecies que obviamente son sinonimas se mantienen todavfa como. validas, 

Basadas en los trabajos de lo$ autores hasta aquf mencionadosy en 
nuestras propias observaciones de campo, laboratorio e invernadero, realiza- 
dos principalmente en los ultimos diez affos, creemos que el numero total de 
especies tuberfferas silvestres, sin considerar las-hibriodogenas, llega escasa- 
mente a cerca de unas-140 (11,15,28,33,37,38,39,40,46,63), de las cuales 
27estan distribufdas en-Norte y Centro America comprendidas enun total de 8 
series? Conicibaccatd , Bulbocastqna , Demissa , Longipedicellata , Morelliformia , 
Pinnatissecta ; Polyadenia y Trifida . Las otras‘112 especies se encuentran en 
Sud America agrupadas en un total de 12 series: Acaulia,Circqefolia , Conici - 
baccata, Commersoniana, Cuheolata, Etuberosa, lngaefolia, Juglandifolia, 
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Meglstacroloba, Olmosiana, Piurana y Tuberosa, 

Dado el tema quenos ocupa, presentamos a continuacion en la for¬ 
ma mas resumida que nos ha sldo posible, !a actual exsstencia del germoplas- 
ma sudamericano. De este modo, vemos en el Guadro 1 la extstencia del nu- 
mero total de especles silvestres (endemicas y no endemicas) y series por par¬ 
ses,. Aqufpuede apreciarsefacilmente que el germoplasma de ios Solanum tu- 
berfferos silvestres de Centro y Norte America es pobre comparada con el de 
Sud America, Asf, en Mexico donde existe la mayor concentracion con un 
total que estimamosde 27 especies, es tcwnbien el unico pafs donde se han en- 
contradohastaboy especies endemicas que alcanzan a 17, las otras 10 restan- 
tes se encuentran distribufdas principalmente entre Guatemala y Estados Uni- 
dos de Norte America, Aunque otros autores consideran la presencia de S» 
fuglandifoliutn* en Costa Rica, no-nos ha sido posible comprobar este hecho ya 
que la unica coleccion atribufda a Oersted a mediados del siglo pasado, no 
tlene indicacion de localidad definida, De este modo, Costa Rica, tendrfa 
solamente una especie tuberffera, S, oxycarpum , encontrada tambien en Me¬ 
xico y Panama, 

Contrariamente, el numero de papas silvestres sudamericanas es ca- 
si cuatro veces mayor al existente en Centro y Norte America, encontrandose 
la mayor eoncentracion en el Peru que cuenta con un total de 61 especies de 
las 112 consignadaspara Sud America. Este elevado numeiro, es mas impreslo- 
nanre aun, si ademas se considera que hemos reducido a ssnonimos cerca de 40 
especies peruanas. La rlqueza del material genetico existente en el Peru pue- 
de apreciarse mejor en el mismo Cuadro 1 si se compara por efemplo con Boli¬ 
via, pais que le sigue al Peru en imporfancia numerica en Sud America, Asf, 
mientras queea Bolivia de un total de 23 especiesha^ solamente 8endemicas, 
en el Peru se encuentran 55 endemicas y 6 no endemicas, 

En el Cuadro 2 se da la reiacion de Ios grupos taxonomicos o series 
de las especies silvestres sudamericanas y su distribucion geografica, Aquf, 
puedeobservarse que la unica serie comunpara todo el Conrinente resulta Co- 
nicibaccata, representada por S_. oxycarpum con 2n=48 cromosomas, 

En Ios Cuadros 3, 4 y 5 hemos consignado la totalidad de especfes 
endemicas que consideramos al presente existentes en cada pafs, Ademas, se 
anota para cada especie su numero cromosomico-al estado diploide, dato este 
ultimo que en varios casos se da a conocer por primera vez, Del mismo modo, 
habiendo especies cuya distribucion geografica abarca mas de un pafs, en el 
Cuadro 6 hemos consignado la lista de especies no endemicas. 
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1 • Grupo Sudamerlcano: 


Numero sp, 
endemicas 


Numero sp. 
no endemicas 


Numero* 
de series 


Numero 
total s 


Argentina 

Bolivia 

Brasil 

Colombia 

Chile 

Ecuador 

Panama 

Paraguay 


Uruguay 

Venezuela 


Grupo Centro y Norte Americano: 


Costa Rica 
Guatemala 
Mexico 
U.S .A. 
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CUADRO 2. Grupos Taxonomicos de especies tu&eriTeras silvestres de Suda- 
merica y su distribucion geografica. 


12 series con un total de 112 especies / 90 endemicas y 22 no endemicas 


Series o Grupos Taxonarnicos 


Distribucion 

Serie ACAULIA 

(ACA) 

• Argentina, Bolivia y Peru * 

Serie CIRCAEFOLIA 

(CIR) 

Bolivia 

Serie CONICIBACCATA 

(CON) 

Bolivia, Colombia, Ecuador, 
'Panama; Peru y Venezuela 
(hasta Mexico). 

Serie COMMERSONIANA 

(COM) 

Argentina, Bolivia, Brasil, 
Paraguay y Uruguay. 

Serie CUNEOLATA 

(CUN) 

Argentina, Bolivia, Chile y 
Peru 

Serie ETUBEROSA 

(ETU) 

Argentina y Chile 

Serie 1NGAEFOLIA 

(ING) 

Peru 

Serie JUGLANDIFOLIA 

(JUG) 

Colombia,Ecuador y Peru . 

Serie MEG1STACROLOBA 

(MEG) 

Argentina, Bolivia y Peru 

Serie OLMOSIANA 

(OLM) 

Peru 

Serie P1URANA 

(PIU) 

Colombia, Ecuador y Peru 

Serie TUBEROSA 

(TUB) 

Argentina, Bolivia, Colom¬ 
bia, Chile, Ecuadror, Peru 
y Venezuela 


CUADRO 3, 

Especies tuberfferas silvestres endemicas. 



Pens 

Especie 

Serie 

2n 

Total 

Argentina 

5. sanctd-rosae 

MEG 

24 

5 

IK 

S. kurtzianum 

TUB 

24 

o 

11 

S. spegazzinii 

If 

24 


II 

S. venturii 

II 

24 


It 

S. vemei 

It 

24 


Bolivia 

S. capsicibaccatum 

CIR 

24 

12 

It 

S. circaefolium 

U 

24 


It 

$. violaceimarmoratum 

CON 

24 


II 

S. yungasense 

COM 

24 


II 

S. toralapanum 

■ MEG 

24 


II 

S. ureyi 

n 

9 

« 


II 

$. brevicaule 

TUB 

24 


II 

S«. candolleanum 

II 

24 


11 

S. doddsii 

ft 

9 

* 


11 

S. gandar.il Iasi i 

II 

24 


11 

5. torreciilasense 

tl 

? ' 


M 

S. virgultorum 

11 

9 

* 


Brasil 

5. calvescens 

COM 

9 

• 

1 

Colombia 

S. moscopanum 

CON • 

72 

2 

II 

5. lobbianum 

TUB 

? 


Chile 

S. etuberosum 

ETU 

24 

5 

11 

S. sfejrnarlde^iancjjn 

11 

24 

. 

11 

So pa lustre 

It 

? 


II 

S. subandinum 

II 

? 


11 

So rickIT 

JUG 

24 


Ecuador 

S o paucijugum 

CON 

9 

* 

8 

II 

S . 'tundalomense 

11 

24 


(1 

S. albomozii 

P1U 

9 

m 


: n 

S. cyanophyllum 

tl 

? 


n 

S. solisii 

ll 

? 


ll 

5. minutifoliolum 

TUB 

? 


ii 

S. regularifolium 

It 

? 


11 

So suffrutescens 

It 

? 


Venezuela 

So paramoense 

TUB 

9 

• 

2 

. ; 

So filamentum 

CON 

? 



35 
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CUADRO 4, Especies tuberiTeras silvestres endemicas del Peru. 


Especie 


Serie 


Total 


o ayacuchense 
. . buesti 

o conturnazaense 
. chomatophilum 
d laxisslmum 
, [aenense 
. n eovarggsii 
» urubambae 
, piilahuatdnse 

> villuspetalum 

, anamatophilum 

> fngaefolium 

> falcae 

. rachlalatum 

. lycopersicoides 


■ dolichocremastrum 
bast I for mum 
. sogarandlnum 


olmosense 


acfoglossum 

cantense 

paucissectum 


pi urge 

yamobambense 


CON 

CON 

CON 

CON 

CON 

CON 

CON 

CON 

CON 

CON 

CON 

CUN 

CUN 

1NG 

1NG 

1NG 

ING 

JUG 

JUG 

MEG 

MEG 

MEG 

MEG 

OLM 

OLM 

P1U 

PIU 

PIU 

PIU 

PIU 

PIU 


24 

? 

24 

24 

24 

24 

o 

m 

24 

? 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 


10 

1 

3 

1 

3 

1 

'5 

24 
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CUADRO‘5. Especies tuberfferas silvestres endemicas del Peru. 


Especie 


Serie 2n 


Total 


S. abbottianum 
S, acroscopicum 
5. amabile 
$. ambosinum 
S. bukasovii 
5. cajamarcense 
S« canasense 
. coelestispetalum 
o chancayense 
o chlquidenum 
* gracITifrons 
o huancabambense 
o humectophtlum 
o hypacrarthrum 
. immtte 
lignicaule 
. marinasense 
. medians 
, mo ch? cense 
muitiinterruptum 
nubicola 
orophilum 
pampasense 
pascoense 
rombtlanceo latum 
soukupn 
tacnaense 
trinitense 
velardei 
weberbaueri 
wittmackii 


TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24,36 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24,36 

TUB 

24 

TUB 

24 

TUB 

24,36 

TUB 

24 

TUB 

24 

TUB 

48 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

24 

TUB 

• 

TUB 

24 

TUB 

• 

TUB 

24-48? 

TUB 



31 
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CUADRO 6 0 Especies tuberfferas silvestres no endemicas. 


Pafses 

Especies 

Serie 

2n 

Argentina/Bolivia y Peru 

5« acaule 

ACA 

48,60 y 

Argentina,Brasil,Par* y Uruguay 

S* commer5oni 

CON 

24,36 

Argo, Bo!ivia,BraSo,Par. y Uruguay 

S o chacoense 

COM 

24/36 

Argentina y Bolivia 

S o -tan[ense 

COM 

24 

Argentina, Bolivia y Chile 

S. infundibuliforme 

CUN 

24 

Colombia, Ecuadro y Venezuela 

So coiombianum 

CON. 

‘ 48 

Panama, Mexico 

S 0 oxycarpum 

CON 

48 

Panama y Venezuela 

S» woodsonii 

CON 

? 

Argentina y Chile 

So brevidens 

ETU • 

24 

Colombia y Ecuador 

So fuglandifolium 

JUG 

24 • 

Colombia, Ecuador y Peru 

So ochranthum 

JUG 

24 

Argentina y Bolivia 

S a boliviense 

MEG 

‘24 

Argentina, Bolivia y Peru 

So megistacrolobum 

MEG 

24 

Colombia y Ecuador 

So tuquerrense 

PiU 

48 

Colombia y Ecuador 

S, andreanum 

TUB 

24' 

Argentina, Bolivia y Peru 

S. leptophyes 

TUB 

24 

Argentina y Bolivia 

S» microdonium 

TUB 

24 

Argentina y Chile 

S o maglia 

TUB 

24,36 

Argentina y Bolivia 

S, oplo cense 

TUB 

24,48 

Bolivia y Peru 

S o pumilum 

TUB 

24 

Bolivia y Peru 

S. sparslpilum 

TUB 

24,48 

Argentina y Bolivia 

S. vldaurrei 

TUB 

24 
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Finalmente, aunqueno esdel caso citar aquf la Iarga lista de espe¬ 
cies si I vestres sinonimas, compietaremos la fnformacion consignando el Cuadro 
7 dondese muestra las especies sudamericanas estlmadas como hibridogenas In- 
cluyendo las del grupo cuitivado* ' • 

Ahora, consideremos la existencsa actual de especies acumuladas 
en los Bancos de Germoplasma, Tomando solo como efemplo el de Sturgeon 
Bay en Estados Unidos de Norte America, la ultima lista circulada en Marzo 
del presente arfo,contiene 61 especies para el grupo cultivado y silvestre, de 
las cuales 31 son oriundas deSud America, Esto significaque aproximadamen- 
te solo un 35% del reservorio sudamericano se encuentra en colecciones vivas 
en el Banco Germoplasmico que al momento seguramente consfltuye el mas., 
grande del mundoo 

En cuanfo a los Bancos de Germoplasma existenfres en.’Sud. America 
podemos decir que los pafses que mas se han preocupado del problema en las 
dos ultimqsdecadas son Argentina que a traves del Programa de Papa del INTA 
y un Convenio con la Republica Federal Alemana, segun amabte informaclon 
personal delDr c K.A e Okada,.tienen en Balcarcey la .region Noroeste colec- 
ctones vivas donde. existen casi la totafidad de especies silvestres argentinas 
ycultivaresriativosdel pats, El Gobierno de Chile ha estado tratando de man- 
tener y-salvaguardar los cultivares chi Iotas que ya se encuentran en vfas de ex- 
tinclon acumulando colecciones vivas en Carillanga cerca de Temunco. donde 
hemos aportado con un du plica do de las colecciones que hi cimos eh nuestra 
Expedlcion a Chiloe y los Chonos en 1969 „ El 1NIAP del Ecuador, mantiene 
un Banco en su Estacion Experimental deSanta Catalina, cerca de Quito, don¬ 
de han reunido principalmente sus cultivares nativosc Igualmente Colombia, 
en su Programa de Papa del 1CA ha logrado reunir una gran cantidad de papas 
nativas de la region andina, 

En cuanto al Peru, podemos decir con seguridad que es el pafs don¬ 
de se cuenta con las colecciones vivas mas complefas de los cultivares indfge- 
nas de Peru, Bolivia y .Chile, En esta oportunidad, fnf6frmaremosquLeijeiScttioB, i v 
de. Germoplasma de Papa que mantenemos en la Universidad Agraria'eh'cola-' ‘ 
boracion con el lng°Oscar Blanco Galdos de la Universidad del Cuzco, cuen¬ 
ta con mas de 2600 intrqduccioneso Por otra parte estamos informados que el 
Banco de Germoplasma del Programa Nacional.de Papa de! Mlnisterio de Agri¬ 
culture (ahora del CIP) tiene a la fecha mas de 3000 entradas. En otras regio- 
nes del pafs existen tambien colecciones vivas locales tales como las propicia- 
daspor la Universidad deHuamanga en Ayacucho p la Universidad Comunal del 
Centro en Huancayo y la Universidad de! Altiplano en Puno, 
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CUADRO 7. Hfbridos naturales o especies hibridogenas. 


1. Grupo Silvestres 


Distribucion 

- 

Hfbrido 

Posibles Progenitores 

2n. 

Argentina- 

S. x 

bruecheri 

S. acaule x S» megistacrolobum 

36 

Argentina 

S . x 

rechei 

S. microdontum x S„kurtzianum 

24 

, Argentina 

:x ’ 

ruiz-feali 

S o chacoense x S * kurtzianum 

24 

Argentina 

S. x 

setulosistylum 

S 0 chacoense x S * spegazzinii 

24 

Bolivia 

'S „ x 

berthaultii 5 

S. tarijense x Sv sparsipiium 

24 

Peru 

S „ x 

arac-papa 

So x raphanifolium x canasense 

24 

Peru 

$» x 

raphanifolium 

S 0 megistacrolobum x S^cqnasense. 24 


2. Grupo Cultivado: 

Distribucion 

Peru y Bolivia x chaucha lisp. andigena x S^» stenotomum 36 

Argentina, S „ x curfilobum S 0 juzepczukii xssp. andfgena 36 

Peru y Boliv. ■ : 


-.Argentina, - S« x juzepczukii S» acaule x S* stenotomum 
-Peru y Boliv, 


36 
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■ ■ Con todo, diremos que contrqnbmente a lo ocurrido en ios Bancos 

de Germoplasma de Estados Unidos de Norte’America y Europa (con .exception 
de Rusia y Alemanla Oriental) donde el Interes principal ha sido y es en eL 
grupo de especies silvestres, en Tos Bancos Sudameri'canosseha dado primordia] 
interes a Ios cultivares primitivos. Podemos asegurar sin4l„@nnojf a equivocarnos 
que si se suma la totalidad de especies silvestres criantenidas en Ios Bancos Su- 
damericanos, no deben llegar ni.siquiera a fa total cantidad de especies man- 
tenidas en Sturgeon Bay, Wisconsin« 

Para terminar, nos refer^remos muy brevemente a 1 germoplasma del 
grupo cultivado. La clasificacion de las papas primitivas cultlvadas en Sud- 
america se amplio notablemente a partlr de la tercera decada de nuestro siglo 
en que Ios.invest!gadores rusos (Juzepczuk, 41,42; Bukasov, 12,18) proponen 
nuevasconcepcionescomoresultado de susexpediciones colectoras a America. 
De este modo, a la fecha>-segun la ultima publlcacion monograflca edifada en 
‘Leningrad© (Bukasov et al. 19) Ios cientfficos sovletlcos proponen un total de 
18 especies cultivadas : distribufdas en 4 niveles de ploldfa. Sin embargo, una 
tendenciaextremadamenteopuestaaladelos rusos ha sido planteada por Dodds 
(27) qulen considera un total desolo tres especies. Por ultimo, el profesor 
Hawkes (38) propone un sistema de. clasificacion mas moderado y considera-un 
total de 7 especies. En las clasiflcaciones que- estamos haciendo en nuestro 
Banco de Germoplasma coin cidimos en gran parte con el sistema del Dr.oHawkes. 

A la fecha tenenios estudiadas cerca de 1500 introducciones, de las 
cuales mas de 900 son tetraploides representadas por S .tuberosum ssp. tuberor 
sum de Chile S. tuberosum ssp. andrgena (Argentina;Bo I i via, Peru, Ecuador, 
Colombia y Venezuela); 350 dlploides representadas por S^. afanhuiri (Bolivia 
y Peru) y^. goniocalyx ( Peru), S. phurefa (Bolivia,. Peru, Ecuador y Colom¬ 
bia),. S_. stenotdmum (Bolivia, Peru y Ecuador), 180 triploides representadas 
por S. x chaucha (Peru y Bolivia) y S^ 0 x Juzepczukii (Argentina, Bolivia y 
Peru) y 35 pentaploides representadas por S_. x curtilobum (Argentina, Peru y 
Bolivia), • 
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THE INTERNATIONAL POTATO CENTER'S GERMPLASM BANK 

James E. Bryan 

North Carolina State University 
Agricultural Mission 
Lima, Peru 


Although CIP did not become a legal entity until January 20, 1971, 
planning money became available in 1970. Using this source of funds, CIP 
accepted financial responsibility for the Potato Germplasm Collection of the 
National Potato Program, A-newly graduated Peruvian agronomist was hired 
to work with the collection located in the Central Sierra at Huancayo, with 
North Carolina State University funds in 1969.' CIP assumed responsibility 
for the position In 1970. 

I was responsible for the development of a National Seed Produc¬ 
tion Program also located in the Huancayo area and became involved with 
the collection since the problems of disease elimination are similar. My 
initial work with the collection was mainly the establishment of a rough ro - 
guing program. 

The Peruvian working with the collection, Ing. Zosimo Huaman 
left in August 1971 to study for an advanced degree in genetic maintenance 
and conservation with Professor J, G. Hawkes at the University of Birmingham 
in England. He will return in 1973 to work for the Center withhisPh.D. 
residence requirements completed. At the time of his return, a British scien - 
tist presently working at the University of Birmingham will also come to the 
Center to work on germplasm.and Professor Hawkes will be provided as a short 
term consultant through the British Overseas Development Program. 

With the departure of Ing. Huaman, CIP hired Ing. Juan Aguilar 
to work with the collection-. 1 have been and will continue to supervise his 
work until those being trained return. 

In 1970, when CIP accepted the responsibility for the coI lection. 
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it consisted of approximately 1564 clones of cultivated potatoes. 407 clones 
were immediately addedffrom a collecting trip of Ing. Huaman and Ing„ Luis 
Lopez of Colombia. 229 clones came from the Ministry of Agriculture collec¬ 
tion in Cuzco and 75 others from a private collection in Ayacucho. Miscel¬ 
laneous clones were continuously collected by various people. 

In 1971,209 clones were added, principally from two trips by Ing. 
Huaman. The first, from a collecting trip headed by Dr. J.G, Hawkes of the 
University of Birmingham, England, and by Mr; J.P. Hjerting of the Univer¬ 
sity Botanic Gardens, Copenhagen, Denmark. This group collected in South¬ 
ern Peru and Bolivia. The second collecting trip was with Ing,.Luis Burga in 
the Cuzco area. 

In 1972, up to this date', only 32 clones have been added,19of 
these from theCuzco collection. A total of 2505clones are presently register¬ 
ed in the collection. 

Of the original 1564 clones of 1970, 847:are without any typeof 
data — that is, no local names, no location collected, etc. Another 194 
clones are listed only by local names, with no other data. These last are 
thought to have originated in.southern Peru. No collections have been made 
from northern Peru since 1969 because of the bacterial disease Pseudomopas 
solanacearum. With the addition of new facilitiesbeing, constructed this year, 
a quarantine program can be initiated in La Molina and collections can again 
be made in northern Peru. 

Since Ing. Huaman left for advance study, I have de-emphasized 
collecting and placed, a major effort on trying to clean up the collection. 
This has consisted of planting 15 tubers of each clone arid initiating a vigor¬ 
ous roguing program. Where possible, the plants most severely infected with 
virus have been removed and many mixtures eliminated. The large number of 
mixtures found has necessitated some-basic data collecting for identification, 
such as tuber color and shape, flesh color and various vine characteristics as 
well as flower and another.color. This past growing season 12 entries ,of a 
commercial hybrid were eliminated and we are down to about 85mixed clones, 
now labeled A & B. • 

. , _ » 

In. addition to the 2505 clones in this collection, we are presently 
maintaining £ other small collections. The first consists of 144clones collect¬ 
ed on a .second trip by ing. Luis Lopez of Colombia in southern Peru. .The 
second, consisting of 320 clones, was donated by the Universidad del Centro, 
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Huancayo, The third, of 61 clones, represents a group of Chilean tetraploids 
sent here in 1971 by the Scottish Plant Breeding Station to see if we could get 
them to flower., (our efforts to date have been unsuccessful),. The first two 
groups will be integrated into the collection when more data has been accumu¬ 
lated. We hope to avoid unnecessary duplications. 

Open pollinated botanical seed is being collected as fast as possible 
from all these clones as a method of preservation. Each year, 40-50 clones 
have been lost. This losscan be attributedto several factors. The highest'mor¬ 
tality rate occurs the first planting after introduction caused by clones sprout¬ 
ing when it is impossible to plant or by clones that have to be induced to sprout 
to conform to planting dates. Viruses and other diseases are the second most 
important contributing factor. Careless tractor drivers are also a factor. 

In addition to the cultivated germplasm, the IMational Program had 
in 1970, 216 clones of wild species. Of these 177 originated from the United 
States 1R-I collection in Sturgeon Bay, Wisconsin. In 1971, 168 entries were 
added from the afore mentioned J.G. Hawkes collection trip in Boliviaand 
southern Peru. From late 1970 to date, 47 Peruvian entries have been added’ 
by various persons. In 1972, 120 entries were added by the National Potato 
Program, all from the IR-1 collection. At this moment there are 551 entries 
of wild species. There are also 39 hybrids and 11 entries of other solanqceous 
genera, not potatoes. 

Most of the wild species that have not been previously converted to 
or collected as botanical seed are being propagated and maintained in tuber 
form in La Molina until facilities and qualified personnel are available to prop¬ 
erly handle them. No true seed, is being converted to tubers for further in¬ 
crease of botanical seed at this time. This program must be initiated soon. 

There are several private collections in Peru that can be added to 
this collection when time and facilities permit. Only half of the Ministry's 
Cuzco collection has been integrated. Many areas of the country are yet to 
be explored for both cultivated and wild species. 

In summary, thereare about 3030 cultivated clones, 551 wild clones, 
39 hybrids and 11 non-potatoes in the CIP collection for a grand total of 3731 
clones. Some of these are duplicates, which through time will be eliminated 
with proper data. The cultivated clones represent 9 species or sub-species. 
Thewild clones represent over 60species from practically every country having 
wild potatoes. 
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UTILIZATION OF GERM PLASM IN BREEDING PROGRAMS 
- USE OF CULTIVATED TETRAPLOIDS 

Robert L. Ploisted 
Cornell University, USA 


To be successful, a breeding program must successfully incorporate 
the following components: 

1. A clearly defined set of realistic ob|ectives of what will be re¬ 
quired for a new variety to be accepted. 

2. A rich reservoir of useful genetic variability. 

3. An efficient system for discarding clones which do not meet the 
criteria of the objectives. 

4. A program of seed multiplication and distribution. 

To these, the breeder of potatoes must add one other factor and that is a seed 
maintenance program that will keep his breeder seed free of virus contamina¬ 
tion. 


The bulk of the effort that has been invested in potato breeding has 
been with tetraploids in the temperate regions of the world. Of the four fac¬ 
tors listed, the one which has fallen the shortest of its potential is the use of 
available genetic variability. For the most part, temperate zone potato breed¬ 
ers have tried to achieve their objectives through the reassortment of the gene 
pool that is residual from the initial introductions of andigena germ plasm 
started 400 years ago. Even if the recorded introductions are taken as but a 
token of the actual number, it seems reasonable to assume that the germ plasm 
they contained was only a small portion of what existed in the Andean center 
of origin at that time (Cardenas 1966). Certainly the gene pool was further 
reduced by losses due to unadaptability and diseases, particularly the late 
blight epidemics of the 1840's (Simmonds 1964), The fact that this limited 
gene pool has been as rewarding as it has been, must be due in large part to 
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the variability that can be carried in heterozygous tetrapiofds. 

Potato breeders have not been oblivous of the variability that ex¬ 
ists in the Andean cuitivars. On a few occasions, such as the importations 
the Rev^ Chagncey Goodrich (1863) made into N .Y. State between 1848 and 
'1852, a limited amount of new andigena germ plasm has been added to the 
breeder's pool. In the 1940's an andigena clone was used in crosses to pro¬ 
vide resistance to race A of the golden nematode. Extensive collections of 
andigena cultivars have been available for several years outside South Amer¬ 
ica in collections such as the Commonwealth Potato Collection in England, 
the Erwin Bauer Sortiment in Germany, and the 1R—1 Collection in the U.S. 
Until the last decade breeders have tended to neglect these col lections except 
when they were seeking single genes for specific purposes, generally disease 
resistance. This attitude cannot be condemned when one considers that the 
number of years a breeder can work and the number of clones he can observe, 
raise the odds of producing a truly successful variety to about one in a life¬ 
time To try to use andigena as it exists in germ plasm collectionswould ap¬ 
pear to reduce the chances of success-^ Even though one of Goodrich's clones 
Garnet Chile, eventually figured very extensively in N. American potato 
pedigrees, he was quite discouraged-about his effort. I quote from his 1863 
publication: 


" In. 1848, I received a variety from Bogota, South America,—. 
This variety was so entirely too late in its maturity as speedily to de¬ 
cline—. In 1850, 1 received another variety from the same place, 
of a little earlier maturity, but it could never be adapted to our cli¬ 
mate, and after a few years of trial was refected. In 1851, I received 
8 varieties from Panama, supposed to have been brought from the coast 
of Chile—. One of these was exactly like the last sort above noticed. 
One other was afterwards extensively cultivated by me under the name 
of Rough Purple Chili. It was the parent of my seedling, the Carnet 
Chili. The 6 remaining varieties were all too late for this climate,one 
of them by only a month, but the others probably by 2 or 3 months. 

In December 1852, o neighbor returning from the west coast of 
$. America brought me varieties supposed to have been grown in I the 
mountains—. They were both entirely too late in maturity. In 1852 
I originated 4210 sorts which is considerably more than one fourth of 
all I have originated. They were of 11 different families, about 1/2of 
which were from the bails of $„ American varieties-?—. Nearly all 
these families of $. American origin were ruinously late, as their [par¬ 
ents before them had been, though often the seedlings were an improve- 
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merit on the parent In time of maturity. Theoretically,! doubt the pro¬ 
priety of importing sorts from climates very different from our own." 

Anyone else in the temperate zones attempting to incorporate andi- 
gena Into his breeding program has shared these experiences of late maturity, 
poor tuber shape and deep eyes, and foliage not in" conformity with seed eer--r 
tifier's concept. Another major deterrent to the use of andigena has been its 
reputation for susceptibility to late blight, (Simmonds and Malcomson 1967). 
This was particularly effective in the decades that breeding for blight resist¬ 
ance was the core of most breeding programs. 

The interest in andigena at Cornell stemmed from the golden nem¬ 
atode resistance program. As early as the first backcross it became evident 
that the progrenies with andigena heritage were outyielding the progenies with 
only tuberosum background. Breeders in theUSDA and from Europe shared the 
same impression. The fact that this coincided with the beginning of this era 
of awareness of the valufe of the world germ plasm of other major food crops 
certainly had its impact. The major reinforcement for my own conviction-icame 
in 1964 with the opportunity given me by the Rockefeller Foundation to ob¬ 
serve the heterosis manifested in the andigena-tuberosum hybrids being pro¬ 
duced in the breeding programs in Peru, Ecuador, and Colombia, Carlos 
Ochoa and Nelson Estrada gave me true seeds of andigena crosses which gave 
me a start on a selection program. The same winter, I learned of the start 
N ,W. Simmonds had made in 1960 at the John Innes Institute with the Com¬ 
monwealth Potato Collection (CPC) of andigena, to recreate the adapted tu¬ 
berosum like characteristics expected in European varieties (Simmonds 1966). 
When late blight susceptibility appeared to be a major deterrent to the use of 
this material, he combined a selection for adaptability with selection - for 
blight resistance. He sent me seed of this material and I planted 284 hills of 
it and -347 hills of the S. American material as spaced plants in foe field in 
1965. About 40 clones were saved from each of the two populations on foe 
basis of yield of tubers. In general , foe material from Simmonds which had 
had 1 or 2 cycles of selection was higher yielding than the population which 
came directly from S. America. The selected clones were put in the green¬ 
house during the winter and invididual crosses were attempted among them. 
The fertility was very poor'and only 14 of the S . American clones and 9 of 
foe CPC clones contributed to the next generation. In 1967 approximately 
2000 seedlings from these crosses were transplanted directly to the field. An 
additional 2000 seedlings from seed from the .1966 cycle ofSimmond’s selec¬ 
tion program were also included, At harvest time, fruits were saved from 
plants with foe best tubers. From the more advanced cycle from Simmonds, 
139 clones vtere saved. From foe'earlier cycle fromSimmonds, 83 were saved. 
From the clones with one prior selection only 33 were saved. 
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Most of the selected clones were tested for their reaction to verti- 
ciiiium wilt and scab and promising levels of resistance were found in several, 
of the clones. That year Dr. Thurston Joined the project and 'he tested the 
clones for blight resistance in the greenhouse and in Mexico. In 1968, 4000 
plants from the seeds saved the previous year were transplanted. At harvest¬ 
time, 197 selections were made of which only 22 were related to the direct S. 
American introductions. The seeds from these selections were sown and the 
seedlings transplanted into trays of peat pots and those segregating for blight 
resistance were tested far late blight. 4000 clones were planted in the field 
in the spring of 1969. 428 selections were made, 11 of which were from the 

direct introductions. An unusual and severe infection of PVYoccurred which 
further reduced the sizeof the population to about 70 clones. The healthy 
clones were placed in the greenhouse for crossing during the winter to guar¬ 
antee maximum panmixis. The present population derived from these crosses 
consists of 6225 sppced plants. 

This program of selection has been very rewarding. The initial po¬ 
pulation was very late in maturity, with many clones setting no tubers and the 
rest being very small and poorly shaped. Four cycles of selection have pro¬ 
duced clones with tuber yields in spaced plants equal to or better than simi¬ 
larly unselected tuberosum progenies. Tuber shape has improved considerably, 
but deep eyes are still common in many clones. Many interesting patterns of 
pigment distribution have been maintained as well as both yellow and white 
flesh color. In general, the clones exhibit a greater dormancy than in expe¬ 
rienced with tuberosum. Foliage type has not changed much except to reduce 
the volume of tops. This is not unexpected as there has not been much selec¬ 
tion pressure applied for foliage type. Some clones have the broad leaves and 
wide leaf angle associated with tuberosum so selection for this character should 
not be difficult. 

Our experience parallels that reported by Simmonds in 1966. Their 
population responded strongly to blight resistance, earl mess and size of crop 
at harvest, and changed slightly In appearance and pigmentation -of tubers, 
size of leaves, and amount of flowering. • In 1969, Glendinning grew seed¬ 
lings of CPC andigena clones, neo-tuberosum clones from their selection pro¬ 
gram, and tuberosum clones from the regular breeding program. The plot was 
planted June 25, At the end of August the percentage of plants tubered was 
7% for unselected andigena, 63% for neo-tuberosum,and 100% for tuberosum^ 
thus revealing the selection gain for earliness. At the end of October, the 
yield per plant of andigena clones was 170 grams, of neo-tuberosum was 810 
grams, and of tuberosum was 630 grams. The clones that tubered were replant¬ 
ed on May 5, 1970. In early September the yield per plantof the neo-tuber- 
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osum and tuberosum were essentially the same and both considerably greater 
than andigena. !n mid October, the neo-tuberosum clones outyielded the 
tuberosum clones by 345 grams per plant. Glendinning reported on a trial in 
1971 in which Pentland Crown was planted as a control among the neo-tuber- 
osum clones. On the 4th- of October, most neo-tuberosum clones equalled 
Crown in yield. 

This limited population of ours has been surprisingly potent in what 
it has contributed to all the tests for resistance we have given it. Primary 
pressure has been placed upon late blight in order to capitalizeonthe prelim¬ 
inary gains made by the British workers. Evaluation of the current population 
in a growth chamber has shown 40% of the clones to be resistant with some 
progenies being as high as 79%. A sample from the 1969 British cycle pro¬ 
duced 63% resistant. The clones resistant in the growth chamber tests are be¬ 
ing field tested in the Toluca Valley of Mexico. Previous tests indicate we 
can expect a much smaller percentage to survive that test, but that the ones 
which do will be the best parents for the next cycle of selection. The best 
test of any breeding program is the ability to successfully incorporate a char¬ 
acteristic in an acceptable variety, Estrada and Guzman (1969) have pro¬ 
duced varieties for Colombia with blight resistance they have developed in 
Andigena. Limited tests for scab resistance have produced clones with levels 
of resistance comparable to traditional sources of resistance used in breeding 
programs. We have identified clones with resistance to verticillium wilt, but 
due to the complication with maturity, these need to be tested further. Even 
the epidemic of PVY had a productive facet. The high rate of infection made 
the few families which almost completely escaped infection quite obvious. 
These have been subsequently tested in two additional years of field exposure 
and have resisted infection. Now we are looking at the same population.for 
resistance to aphids and the rootknot nematode. 

In addition to resistance to late blight, verticillium wilt, scab and 
virus Y, others (Ross and Rowe 1969) have reported Group Andigena to be a 
source of resistance for viruses A, X, Leaf Roll, 5, and M; fusarium dry rot, 
fusarium wilt, ring rot, and bacterial wilt. In addition to the well known 
gene for resistance to Race A of the golden nematode, resistance has been re¬ 
ported for the rootknot nematode. There has been less evaluation made for 
insect resistance, but resistances to leaf hoppers, flea beetles, potato aphids, 
and green peach aphids have been identified (Radcliffe and Lauer 1966,1968), 
Richardson and Estrada (1971) and others have reported on frost resistance in 
andigena. 
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The program of selection at Pentlandfieldhasrelied heavily on nat¬ 
ural selection; particularly for.disease resistance.) *.G!endinning estimates 
half their clones to be resistant to virus X, one third to be resistant to virus Y, 
three fourths to be immune-to wart, and almost all plants survive to harvest at 
Cornwall ‘where blight is epidemic, but less severe than in Toluca, Mexico, 
One lesson' 1 1 take from these experiences is that Gfoup Andigena is an ex¬ 
tremely variable population that responds well to organized programs of se¬ 
lection , Another lesson is that large populations are required and a conscious 
effort needs to be made to prevent too great a loss of germ plasm. 

The stimulus of the success of this program and the experiences 
earned through working with it, have induced us to start a new series of selec¬ 
tion cycles with a broader genetic base. In th is population we hope to pre¬ 
serve more of the initial variability. In 1970 about 40,000 plants were grown 
in the greenhouseand from those that tubered, 17,000 plants of 910 accessions 
were grown in 1971 «> These accessions were obtained from Peru, Ecuador, and 
Colombia as well as the IR-1 and CPC collections. At harvest time fruit was 
saved from any clones producing tubers. This resulted in 1861 hills being 
saved from 587 families. Some of the accessions which did not tuber well in 
the greenhouse were replanted in the spring of 1971 and transplanted directly 
to the field. It was our observation that even though the transplants got off to 
a faster start and grew better all summer long, they tubered more poorly than 
their tuber planted full sibs, I presume this is due to the screening out of 
short day types in the greenhouse tuber production. Subsequent additions of 
seed will increase the number of families to about 625, Future selection will 
be practiced within families in an effort to preserve the variation between 
families. It is our anticipation that we have already experienced the greatest 
loss of families and that an overall population size of 35,000 will give ample 
opportunity to select within progenies. To the extent we can identify the 
country of origin, our new population has as its distribution of origin the fol¬ 
lowing? 41% from Peru, 17% from Argentina, 16% from Bolivia, 13% from 
» Colombia, 5% from Mexico, 5% from Ecuador, and 2% from Chile , The 
'Qlendinning population was probably about 45% Bolivian, 45% Peruvian, 
and 10% Colombian, 

Glendinning estimates that the first cycles of selection in that po¬ 
pulation reduced the number of clones from 273 to between 70 and 100. Our 
own most advanced andigena population can be traced back to 19 females, 
only 3 of which were selected In 1965, 

Maris, at Wageningen, Netherlands, began a selection program 
with 59 IR-1 andigena introductions in 1967, His original population was 34% 
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Colombian, 22% Peruvian, 17% Bolivian, and 10%Argentinian'.and Mexican. 
In the greenhouse under short days, 94% tubered* These tubers were planted 
in the field the following summer, and only 55% tubered under long days* He 
estimates that the present population represents approximately half the orig¬ 
inal number of accessions. In addition to selection for yield and tuber charac¬ 
teristics, the Dutch andigena population has been selected for field resistance 
to late blight and scab. 

For those , areas of present and potential potato production which 
are not at high elevations in the lower latitudes, it seems as if the greatest 
value that can come from andigena. is in hybrid combination with tuberosum 
varieties. Experience with other crops and theory of gene action indicates 
that heterosis for yield is greatest when hybrids are produced between unrela¬ 
ted parents. Where one or both the parents are unadapted, it may beneces- 
sary to do preliminary selection on the parents to make them more adapted so 
that the, variation in the hybrids overlaps with the conditions of culture. Ex¬ 
perience at Cornell has been that hybrids with unseiected andigena are gen¬ 
erally too late to.reach their yield potential. In spite of this a fewof the hy¬ 
brids have yielded as much as the highest yielding tuberosum clones. Using 
andigenas partially adapted to long days in hybrid combinat.icfruwith tuberosum 
varieties, D.R„ Glendinning (1969) found these hybridsoutyieldedtuberosum 
x tuberosum hybrids by 13%. It was his conclusion that pre selection among 
the andigenas for desirable characters would produce acceptable high yield¬ 
ing hybrids when used in combination with tuberosum clones. We have initi¬ 
ated an experiment to measure heterosis in. andigeng -tuberosum hybrids using 
our advanced andigena selections. Andigena x andigeno hybrids, tuberosum 
x andigena hybrids, and tuberosum x tuberosum hybrids have been planted at 
two elevations in Mexico and Colombia,one in the U.$.,and will be planted 
at two in Peru. One of .the objectives is to determine whether selection of 
andigena at an unadapted location produces a population with insensitivity to 
factors by which the present and prior locations differ. 

' * \ 

Another series of reciprocal crosses between andigena and tubero¬ 
sum clones is being evaluated to determine whether the source of cytoplasm 
will have any effect on heterosis. Two years of tests with two different sets 
of andigena and tuberosum clones have produced significant but contradictory 
results. In 1970 a progeny test of tuber planted plots at close spacing pro - 
duced 5 out of 6 comparisons in which thp Hybrids with tuberosum cytoplasm 
outyielded these with andigena cytoplasm. In 1971, paired comparisons of 
reciprocals planted with transplants at wide spacing produced 12 out of 13 
comparisons in which the hybrids with andigena cytoplasm outyielded these 
with tuberosum cytoplasm. The trials are being repeated this summer using 
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tubers as seed pieces and transplants at both wide'and narrow spacing. 

J ^ 1 9 1 

.. During'the early cycles of selection we have used seeds from ppen 

• pollinated fruits produced in the field* Unfortunately and surprisingly there- 
is' no precise information about what proportion of this seed is produced by 
cross pollination.. Dodds (in Correll 1962), Glendinning (private correspond- 

- ence) and Free (1970) credit.solitary wasps and bumble bees as the agents of 
pollination. This has been my own experience in N.Y. One year l placed 
screen cages over plants which had already set fruit and none of the protec- 

• ted flowers set fruit as long as the cages were in place. From this I antici¬ 
pated considerable cross fertilization * However, the progenies did not bear 
this out. Open pollinated fruits from blight resistant clones segregated about 
7/2 resistant offspring whereas susceptible clones produced almost nqlresisf- 
ant offspring. In 1969 Glendinning made observations on bee activity that 
would indicate they are more apt to be agents of self pollination than cross 
pollination and the .offspring he observed bore this out. Further studies of this 
in 1971 gave further evidence of more inbreeding than cross fertilization* Bas 
Maris reported to me that male sterile andigena clones have never produced 
fruits in the field at Wageningen, Netherlands. This means that special efforts 
must be made to maximize cross fertilization in a mass selection program* A 
system we have used that has been reasonably simple and successful is to col¬ 
lect pollen in bulk and use it in manually pollinating other flowers. Marts 
follows a heiriarchai system of combining parents through .successive specific 
crosses. 


. Up to now the major effort, to adapt andigena to a climate different 
from its own habitat has been in the north temperate regions identified with 
tuberosum cultivation. The same procedure should be equally effective and 
relatively more productive for those regions of the world where the potato is 
developing a new place in its agriculture (Simmonds 1971). Rather, than at-: 
tempt to mold highly selected tuberosum into a new niche, it is much more 
likely that useful genetic variability can be found in andigena* If the new 
regions are marginally suited -for tuberosum then the use of tuberosum and se¬ 
lected andigena hybrids may provide the greatest opportunity for success. 

Wherever andigena germ plasm is subjected to ^election there is 
going to be a reduction, in potential variability. Even if selection is not con¬ 
sciously applied, the natural selection against those'which do not tuberize, 
are susceptible, to insects or diseases, a r sprout prematurely or too late-wili re¬ 
move clones from the gene pool, There is of necessity the same type of natu- 
• ral selection occuring In the native habitat of the group Andigena, however, 
any attempts to maintain this collection in an alternate environment is but an 
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additional screen that reduces variability further. For this reason tlielnterna- 
tiona! Potato Center can do a great service to potato improvement throughout 
the world by serving as the primary center for the preservation of andigena 
germ plasm. Other collections, such as the IR-1 and CPC collections are ex¬ 
tremely useful to the breeders working in those regions. The two kinds of col¬ 
lections, one in the Andes and the others in specialized regions, are comple-r 
mentary to each other. The one serves as a bank for maximum germ plasm pre¬ 
servation and the others bring the 1 collection closer to the breeders to evaluate 
and to facilitate its utilization. 

The potatoes of the Andes are a priceless food resource for the 
entire world. It is only proper that an international agency such as the Inter¬ 
national Potato Center assume the responsibility and cost of collection, main¬ 
tenance, and distribution of this resource. It is to the credit of the nation of. 
Peru that they are willing to be the host for this Center and share this genetic 
resource. 
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THE USE OF CULTIVATED DIPLOID SOLANUM 
SPECIES IN POTATO BREEDING 

Frank L. Haynes 

North Carolina State University, U.S.A, , 


In recent years an increasing interest has developed in the possi¬ 
bilities of breeding potatoes at the diploid level. The work of Hougas and 
Peloquin (7, 8, 9, 10, 11, 14) and their co-workers (5, 12, 13, 16, 17, 18, 
19, 20, 21) has given impetus to this approach to potato improvement. In 
their paper on "the potential, of potato hapfoids in breeding and genetic re¬ 
search", Hougas and Peloquin (8) have presented most of the arguments-favor¬ 
ing genetic studies and breeding at the diploid level as contrasted to the fe- 
traploid. Chase, in 1963 (1) proposed an elaborate ten-step scheme for the 
exploitation of Hougas and Peloquin's .diploid parthenotes of S. tuberosum 
along with other diploid stocks. 

Chase, like most others, has considered that if would be desirable, 
perhaps necessary, to return plant materials to the tetraploid' level for com¬ 
mercial potato production. Whether this step is necessary is yet to be deter¬ 
mined-^, Evidence to date on this point is conflicting. 

In one study, Rowe (17) compared the'performance of 15 diploid 
clones with their vegetatively doubled counterparts. The clones were selected 
from families of S. tuberosum Group Phureja x haploids of Group Tuberosum. 
The diploid clones produced more stems and were taller 4 weeks after plant¬ 
ing. The diploids also, flowered earlier and produced more total tuber yield. 
In another study, Rowe (19) compared the performance of 11 diploid and 11 
tetraploid hybrid families. The hybrid families were again from crosses of 
Group Phureja x derived diploids (haploids) of Tuberosum. The tetraploid 
families were significantly higher in yield than the diploids when grown from 
botanical seed, but the differences in yield disappeared when the families 
were vegetatively propagated. Rowe's data also indicated that the diploid 
families had more wifhin-population variability, providing evidence that di¬ 
ploid potatoes will respond to selection faster than tetraploids. 
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The work of Mendiburu and Peloquln (13) produced heterotic tetra¬ 
ploids outyielding their heterotic diploid "full sibs" by 50 percent* These 
workers produced tetraploids by making 4x-2x and 2x-2x crosses in which un¬ 
reduced gametes functioned. This sexual polyploidfzation did not‘involve 
inbreeding, whereas vegetative doubling does theoretically involve some in- 
breeding. 


Perhaps inbreeding plays a greater rote in the expression of yield 
than does plidy level per se. In Table I, a comparison of coefficients of in- 
breeding is presented for certain combinations. As indicated, if one .vege- 
tatively doubles the chromosome number of a heterozygous diploid, the coef¬ 
ficient of inbreeding, F, is immediately 0.333, the approximate equivalent of 
the S2 in a tetraploid, and greater than F.5. in half-sib mating diploids. 

* t ( 

From this it can be concluded* that hybridization will likely be the 
final step in any program of utilization of tetraploids, whether derived from 
diploids or whether naturally occurring. 

As indicated earlier, one of the probable major advantages of di¬ 
ploids is their more rapid response to selection. This could be a very great 
advantage in attempting to introduce potatoes into new environmental situa¬ 
tions or for isolating more productive genotypes for specific environments. 


TABLE 1Certain coefficients of-inbreeding in. potatoes. After Wright (29). 


Half-sib mating 

Selfing 

Doubling heterozygous 

diploids 

tetraploids 

diploids (X1X2) 

F o = 0 

O 

11 

O 

U- 

F o = 0 

F,=0 

F 1 = .166 


F 2 = .125 

F 2 = .305 

F = .333 

Fj= .188 

. F 3 = - 421 



F, = .250 

F ^- 304 




USE OF CULTIVATED DIPLOIDS • 


102 


The theory of this more rapid response has been illustrated graphically by 
Stebbins (28) (Figure 1). He shows the distribution of variants for a hypothe- 
tical quantitative character at the two levels, of ploidy for comparison. The 
diploid offers the greater opportunity for selecting for genetic advance. 

To date, consideration of breeding at the diploid level has always 
involved the derived diploids from Group Tuberosum, Other diploids have 
entered the picture primarily as sources of disease and insect resistance to be 
transferred largely through back cross programs. No systematic effort has 
been made to improve the diploid cultivars themselves through.breeding. Di¬ 
ploid clones being grown commercially in South America today are largely 
unimproved native cultivars. Certainly there is a much greater potential for 
production than has been heretofore exploited. New clones selected for adap- 
tation to specific environments and for greater yield incorporated with other 
valuable traits found in these diploids would be a major contribution to potato 
production for both the highlandiand lowland tropical regions* In addition, 
to provide a broader genetic base -for breeding .at the tuberosum haploid 
(derived diploid) level, new germ plasm from the cultivated diploids should 
be made available. This germ plasm would be more directly uspble outside 
the tropics if it were adapted to the temperate zone. 

Two.diploids (2n'= 24) S. phureja and S. stenotomum, cultivated 
in the Andes of South America, are short .-day types. It is agreed that these 
two groups are very closely related to the cultivated tetraploids, and there is 
evidence (2, 3, 4) that one or both are progenitors of subsp, andigenum . Both 
diploids contain valuable genetic characters (15). Another diploid .species, 
S.ajanhuiri, is grown at high altitudes in Southern Peru and Northern Bolivia, 
This species is valuable for its frost resistance. It is thought to be derived 
from S', stenotomum by a complex series of natural crosses (6), - ' 

Simmonds (27) has described six years of progress in a long-term 
experiment to re-create the tetraploid Tuberosum Group of potatoes from 
South American tetraploid stocks (the Andigenum Group), The purpose of the 
experiments is to determine causal factors in the evolution of the Tuberosum 
Group and to provide a broad base of genetic adaptation for use in potato 
breeding (22, 23, 24, 25, 26). TSimmonds has obtained favorable responses to 
selection for adaptation in a wide range of characters. He has carried two 
selection programs in parallel: mass selection and pedigree selection. The 
populations have shown strong responses to mass, semi-natural selection for 
day-length reaction, and for resistance to late blight, but progress in improv¬ 
ing "commercial" tuber characters was greatest under pedigree selection. 
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With this background information, we have conducted preliminary 
trials in selection within S. phureja and stenotomum at the Mountain Horti¬ 
cultural Crops Research Station, Fletcher, North Carolina, using plant mate¬ 
rials obtained from the JR—1 project at Sturgeon Bay, Wisconsin. Populations 
of segregates from these cultivated diploids can be successfully grown in 
North Carolina. The climate at Fletcher features moderate temperatures dur¬ 
ing the long summer days and has an average frost-free period following the 
autumnal equinox sufficient to permit tuberization of short-day species. (Fig. 
2). This affords us a unique opportunity to carry a dual selection program. 
One can select for changes in response to length of day during the summer and 
can then select for improved horticultural characters in the autumn. Possibil¬ 
ity for success in one of the two selection objectives is independent of the 
other, 

Objectives 

With the initial successes of isolating clones which tuberize under 
the long-day photoperiod, we have begun a more comprehensive program with 
the following primary objectives: 

1. To isolate and identify superior diploid clones for direct use in both the 
highland and lowland tropics. 

2. To study the adaptation to, the temperate zone of diploid Andean Solanum 
species as potential sources of new germ plasm for commercial exploitation. 

Procedure 


The following procedures have been or are being implemented to 

achieve the above objectives. 

a) Clones of the cultivated diploids S. ajanhuiri , S. phureja , and S. steno¬ 
tomum were obtained from the International Center and from Inter-Regional 
Potato Introduction Station, Sturgeon Bay, Wisconsin. The program was 
begun with 25 families of S, phureja and 11 families of S. stenotomum. 
New families are being added annually. 

* 

b) Clonally propagated materials are planted in the fie Id at Fletcher and seed- 
propagated segregates are started in the University greenhouses at Raleigh 
and transplanted to the field af-F-letcher. 

c) Two basictypesof selection are being practiced and compared for progress. 
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FIGURE 2.- HOURS FROM SUNRISE TO SUNSET FLETCHER, NORTH CAROLINA- 
(DOES NOT INCLUDE TWILIGHT). 
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1.’Mass selection. Under this scheme/ two^ populations are grown each 
year after the first year according to the following plan. 


MASS SELECTION SCHEME 



ET CETERA 


Pedigree records are maintained on a maternal parent or family basis 
sufficient to- insure that a broad spectrum of families is included among 
the selected clones. Selection is made during the late summer prima¬ 
rily on the basis of responses to photoperiod, on vine type, and on res¬ 
ponse to infection by foliage diseases. 

At harvest, selection is baSed initially on tuber production, size, 
smoothness, and shape. In advanced generations, internal tuber quali¬ 
ties will be added to these selection criteria. 
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2.Pedigree selection. From selected individuals within the clonal popula¬ 
tion, controlled crosses are being made. From these segregates, new 
selections and controlled crosses will'be made each year. 

Selection criteria are the same as for'the mass selection .scheme. 
Superior clones‘will!-be selected from populations produced in North 
Carolina from the three species S. ajanhuiri, S. phureja , and S. steno- 
tomum . These will be tested in three widely different locations, two of 
which will be located in Peru. The Peruvian trials are being conducted 
in cooperation with Ing. Fermfn de la Puente, leader of the National 
Potato Program of Peru. The trial locations are: 

(1) North Carolina - temperate climate and both long and short day 
photoperiod. 

(2) Mantaro Valley in the Sierra of Peru - short day, alpine condition. 

(3) San Ramon in Peru - short day, tropical condition. 

Portions of the basic populations have already been selected 
from a parallel project in North Carolina. Testing of early generations 
of selected materials will begin this year. 

d) A study of the inheritance of response to photoperiod has been initiated. 
The availability of both long-day and short-daydiploidsallowsthe produc¬ 
tion of segregating populations which can be evaluated in the field in both 
North.Carolina and Peru as well as under the closely controlled conditions 
provided by the Phytotron at Raleigh. An understanding of this phenomenon 
will become more important as the geographic range of the potato is ex¬ 
tended and as more interspecific hybrids between long and short day types 
are exploited. 

e) Crosses among selected derived diploids and between these diploids and se¬ 
lections from S. ajanhuiri , S. phureja, and S. stenotomum will be made. 
Segregates from these crosses will be studied for potential breeding value 
and promising clones utilized in the breeding program. 

f) At intervals of two years, remnant seed of each population are being col¬ 
lected and stored. This seed stock wilt be sampled and planted periodically 
for comparison with advanced* select ions asa means of measuring, progress. 
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Conclusions 

1 " 

As indicated, this program is in its infancy. Enough experience has 
been gained, however, and enough advancement has been made in selecting 
long-day types as well as improved tuber types among the diploids to assure 
that greater progress is possible. 
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t 

Hace muchos aRos que la civil izacion que nacio en este pais se in- 
genio para utilizar los recursos naturales que existian en la zona. La papa in-* 
dudablemente fue uria de las principales plantas que permitiocrecerydesarro- 
llar- a una de las mas prosperas y exitosas-civilizaciones de la tierra. La papa 
conjuntamente con otros allmentos autoctonos, tales como la quinua ( Cheno - 
podium quinoa) , se constituyeron en las materias primas fundamentales de la 
alimentacion popular. Un alimento que por generaciones tiene a su cargo la 
base de la alimentacion de un pueblo debe tener los elementos indispensables 
para el desarroliode la vida. Este criterio fue indudablemente comprendido 
hace muchos siglos en el Peru y mas tarde en otros pafses tales como Irlanda, 
Alemania, Rusta, donde la papa se constituyo en defensor de la alimentacion 
popular. 

El uso de este tuberculo ha ido gradualmente modificandose de la 
utilizacion directa del tuberculo por cocinamientoaJde # procesamiento por di~ 
versos metodos tecnologicos con el ob(eto de aumentar la conservacion de es¬ 
te alimento y darle nuevos usos. . Asf, aparecen nuevas formas de utilizacion 
del tuberculo en forma depapa seca, chuno, papas fritas, harina de' papa y 
mucho mas tarde pure de papa instantaneo, Knfidel, etc. 

El consumo de este alimento fue expandiendose en los pafses que 
estaban en proceso de desarroilo pero conforme ha ido pasandoe! tiempo y.va- 
riando los habitos alimentarios, el consumo de rafces y tuberculos en los paf- 
ses desarrolldLfos- ha Ido disminuyendo en forma paulatina dando lugar a una 
mayor utilizacion de las calorfas provenientes de las grasas. Fenomeno simi¬ 
lar ha sucedido con el consumo de cereales. Pero en pafses doqde el desarro¬ 
ilo aun es limitado el consumo de estos tuberculos no solo no 'ha progresado 
sino que se ha estancado., 


' 113 



NUEVOS USOS DE LA PAPA COMO ALIMENT0 


114; 


Significado del cultivo de papa en funcion de las necesidades nutricionales 

Si hacemos una comparacion de lo que losdistintospafses en proce- 
$o de desarrolio son capaces de producer para t poder satisfacer $us necesidades 
nutricionales, podemos observar que en el caso concrete del area andina, la 
papa tiene numerosas ventajas como: 

1 . La cantidad de materia seca comestible por el hombre, que puedeproducir 
la papa por hectarea, es superior a lo que pueden producir otros cultivos. 
Una buena produccion de papa puede significar 10 toneladas de materia 
seca por Ha., produccion que no puede ser superada por cultivos de ce- 
reales. 

2. La produccion de papa puede ser facilmente expandida. Hay muchas 
tierras en la sierra que son aptas para este cultivo. 

3. El perfeccionamiento del cultivo de papa&frece actualmente la oportuni- 
dad de aumentar las fuentes de trabajo, 

r 

m 

4. La variabilidad de los distintos clones de papa'es muy grande tanto desde 
el punto de vista agronomico como de su composicion quimica, propieda- 
des ffsicas y organolepticas; ello indica que estan practicamente abiertas 
las posibilidades para producir alimentos de gran diversidad. que conten- 
gan multiples sabores, colores, texturas y valores nutricionales. Es labor 
del genetjsta, del_ tecnologo y del nutricionista encontrar aquelias_cgrnbi- 
naciones que sean=;mds favorab 1 es a I paTs. 

Pero habiendo todas estas ventajas cabria preguntarse como es posi- 
ble que este cultivo hasta ahora no haya tenido un lugar mas destacado en los 
paTses de la zona andina, que permita el autoabastecimiento alimentario en 
la region. 


En nuestro entender son varias las razones: 

1. La ausencia de procesos tecnologicos apropiados; ello no solamente de- 
bilita toda la produccion e industria de la papa sino que iimita su uso por 
falta de diversificacion y de conveniencia para el consumidor. 

2. La debilidad de la infraextructura de transporte, almacenamientoy comer- 
cializacion de la papa frena la produccion y consumo. 

3. La ausencia de polfticas de precios que estimulen la produccion de ali¬ 
mentos, que pueden ser producidos adecuadamente por los paTses andinos. 
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4. Problemas de fndole agronomico ligados a la calidad de la semilla, a la 
seleccion de las variedades y clones mas apropiados, y pobres practicas 
culturales limitan la produccion economica. 

5. La agresion cultural, economica y social de! trigo importado. El hecho 
de que el trigo sea un producto que puede ser facilmente transportado a 
grandes distancias, que es facil de mane jar, de conservar, y que se pue¬ 
de importar a un precio inferior a su costo (por que existen enormes exce- 
dentes de trigo), ha motivado a que muchos pafses en el mundo sedecidan 
a la importacion del trigo, como una solucion rapida a los problemas de 
autoabastecimiento de su poblacion. 

En muchos pafses esto ha motivado el receso de la produccion de 
algunos productos locales, entre lo que podemos contar en nuestro hemisferio 
a I cuitivo de la papa. 

Nuevos productos elaborados a base de papa 

Para aumentar el consumo de la papa hemos estudiadosu utilizacion 
en alimentos elaborados tradicionalmente con trigo como son el pan y los fi - 
deos. Estos alimentos procesados que son *tan agradables, economicos y 
atractivos, son los que han reducido el consumo de la papa hervida y hornea- 
da, del arroz cocido y.en algunos casoshastadel mafz en forma de tortillas y 
arepas. 


Teniendo en cuenta las tnvestigaciones realizadas hace muchos 
anos sobre la posibilidad de elaborar pan y fideos conteniendo papa es que 
.hemos realizado un con junto de investigaciones dentro del Departamento de 
Nutricion* que ha tenido como obfeto producir: a) alimentos similaresa los 
que se pueden hacer a base de trigo, y b) nuevos alimentos a base de papa. 
En ambos casos se pretende obtener ventafas de las propiedades de las distin- 
tas variedades y clones de papas disponibles asf tambien comodel buen poten- 
cia! nutritivo que tienen estos tubercu los que en calidad proteica superan al 
trigo. 

Valor nutricional de la papa 

Es bien conocido el alto valor nutritivo de la papa en cuanto q su 
aporte calorico; de vitamina C, hierro, asf como tambien por el alto valor 


* Auspiciadas por la Organizacion de Estados Americanos y por el Ministerio 
de Agriculture del Peru. 
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protefco con buen balance de’arriinoacidoso- N'uesfras invesfi^aciones seRalan 
que en las papas peruanas esfudiadas e! contenido de materia secavarfa desde 
20% hasta 32.9%, mientras que el porcentaje de protefna fluctua (sobre la 
base de materia seca) desde 4.7% hasta 15„3% (Cuadro 1). Existe considera¬ 
ble potencial para aumentar el contenido de protefna, comoasf tamblen el de 
materia seca, de la papa/ 

Compost cion de los aminoacidos de la papa 

Se realizaron estudios nutricionales de la protefna con harinas de 
papa de las variedades Renacimiento, Amarilia y Huayro, usando el nivel de 
6% de protefna, que es el que nos pueden dar estas variedades, y se las com¬ 
pare con casefna. La papa "Huayro" tuvo un PER (“protein equivalent ratio” 
o proporcion equivalente proteica) de 2.74 que es mas alto aun que el de la 
casefna que al 6% de protefna dio 2.27 (Cuadro 2). Estas piotefnas son indu- 
dablemente de muy alto valor nutritivo, y deben de ser adecuadamente utili- 
zadas a favor de la alimentacion popular. Afortunadamente la protefna que 
contiene este alimento es de alta calidad, pero la cantidad en las variedades 
cultivadas es baja, pudiendo en el futuro ser aumentada considerablemente. 

Estos estudios nutricionales Henen que ser perfecclonados, puesto 
que quedan por aclarar aigunos aspectos relacionados con la velocidad de di¬ 
gestion de los granulos de almidon de distintas variedades de papa| y porque 
hay necesidad de correlacionar los procesos tecnologicos de la papa con su 
valor nutritivo^ 

En cuanto a la composicion de aminoacidos de las distintas varie- 
dades de papa hemos comenzado por analizar tuberculos producidos bajo con- 
diciones estandarizadas tanto en la costa como en la sierra del Peru (en vista 
de los resultcdos obtenidos por U. Moreno Con respecto a la variacion de la 
composicion de las papas segun las distintas altitudes y latitudes). 

En el Cuadro 3 se muestran aigunos de los analisis de losaminoaci- 
dos de la papa y en la Figura 1 la variacion de la composicion de estas papas 
en funcion de la composicion de la leche humana que ha sidofomada como li- 
nea basica de comparacton, Algunas de estas papas tienen un valor nufricio- 
nal que se aproxima al de la leche humana. La calidad nutricional aquf indi- 
cada ha sido confirmada por los buenosresultados que hemos obtenido en prue- 
bas biologicas.. 




CUADRO 


Contenido de materia seca, y de proteina en base a materia seca (en porcentaje) 
de 59 variedades natives de papas peruanas^ 


Variedad 
(y N°CPP) ; 

Materia 

Seca 

Protema 

Variedad 
(y N°CPP) 

Materia 

Seca 

Protema 

Paitag negra (105) 

30.188 

11.096 

Limena negra (298) 

22.884 

10.792 

Amarilla (431) 

30.513 

7.752 

CPP-l 12A 

28.963 

9.348 

Papa cocha negra (768) 21.296 

12.160 

Uracc pal-tag (9) 

20.436 

11.780 

CastaReda (812) 

28.917 

15.352 

CPP-451A 

22.869 

8.208 

Lengua de vaca (560A) 

29,800 

9.956 

Yuracc suito (47)- 

29.512 

10.792 

CPP-61 

33.174 

9.272 

CPP-371A 

25,110 

10.108 

Rayhuay (93) 

29.194 

12.920 . 

. CPP-256A 

23.525 

8.664 

Sqngualina morada 

22.748 

12.008 

CPP-641A 

24.881 

11.932 

(819) 



Carmelite (459) - 

34.434 

9.468 

Puca Rahui (122) 

25.680 

7.600 

Renacimiento (440) 

28.108 

9.424 

Murinki (586) 

26.204 

10.792 

Amarillo suito (244) 

25.377 

9.120 

N°3 (375) 

24.569 

9.120 

Chad la huarmt (280) 

21.234 

5.320 

Azul suitu (216) 

26.521 

10.260 

Wachuywarmi (594) 

36.371 

9.956 

CPP-572A 

20.528 

5.928 

Manzana negra (232) 

• 32.648 

7.372 

Elena (16) 

24,261 

14.592 

H gays ash (697) 

29.658 

■6.156 

Yana Hualash (109) 

21.847 

11.552 

Cabra matas (222) 

31.715 

9.446 

Huiclus (31) 

26.944 

6.308 

Chata colorada (408) 

21.488 

11.342 

Yana Hualash (173) 

28.203 

9.804 

N°8 (380) 

24.520 

10.336 

Yana Hualash (418A) 

26.589 

10.860 

' Pi II co (250) 

22.999 

9.120 

Yana Hualash (413A) 

20.740 

8.749 

Rosas suitu (227) 

32.016 

4.788 

Puca Suichu (584) 

26.768 

9.272 

Colhuan (448) 

24.916 

8.443 

N° 18 (390) - 

28.508 

10.479 

Capiaj suitu (411) 

26.822 

9.176 

Tumbash (87) 

28.968 

7.536 

Purpura blanca (461) 

23.062 

10.944 

Manzana (213) 

28.573 

8.792 

Buen cholo (650) 

26.429 

7.220 

Banosina (429) 

29.103 

6.471 

Puca paratay (200) 

26.912 

5.776 

Tarmena colarada (6) 

32.627 

7.850 

Chata (396) 

25.297 

6.764 

Amarilla (286) 

29.148 

9,966 

U$ha papa (170) 

25.360 

11.020 

Morales (265) 

27.432 

9.655 

Jara allju (192) 

26.720 

7.752 

Yana cupshro (152) 

26.339 

10.636 

Cashphis (211) 

27.780 

9.196 

Chafa Colorado (442) 

26.144 

6.829 

Juan Domingo (600) 

32.958 

6.992 


Promedio Materia Seca: 27,214%; Promedio Proteiha: 9,288% 


1) Obtenido de la Tesis de Cecilio Julian Granados Perez 


2) Entre parentesls aparece el numero correspond ienfe a la Coleccion Peruana de Papas (C*P.P.) 
de la Universidad Nacional Agraria, 
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CUADRO 2.- Evolucion biologica a nivel de 6% de protefna^ en harina de 
las variedades de papa Renacimiento, Amarilla y Huayro, y 
casefna. 


• 

Renacimiento 

Amarilla 

Casefna 

.Huayro 

1. Peso inicial g. 

40.95 

43.30 

44.95 

42.65 

2. Peso final g. 

57.70 

63.20 

82.55 

73.30 

3. Ganancia de peso g. 

16.75 

21.90 

37.60 

30.65 

4. Consumo de alimento por 
animal. 

158.25 

, 177.90 

t* 

239.70 

194.90 

v ■ 

5. Porcentaje de protefna en 
la dieta. 

6.15 

6.23 

6.9 

5.73 

6. Consumo de protema por 
animal. 

9.71 

11.06 

16.53 

11.17 

7. P.E.R. 

1.72 

1.98 

2.27 

2.74 


8.. Signiffcacion estadfstica 
Duncan 0.01 


Duncan 0.05 _._ 

0 Todas las harinas provenfan de papas peladas y cocinadas. 
Elaboracion de panes conteniendo papa 


Estimulados por esta informacion se realizaron algunos estudios so- 
bre la elaboracion de pan conteniendo diversosniveles de pure de papa incor- 
porado a la esponja de frigo. Despues de algunas dificultades con respecto al 
manejo de la masa, a los tiempos de fermentacion, al hiorneado, a los niveles 
de levadura, etc., se llego a estandarizar unprocedimientode elaboracionde 
pan de pap>a que permitio producir buenos panes conteniendo distintos niveles 
de sustitucion de la harina de trigo por pure de papa. Sobre la base de susti- 
tucion de la materia seca del trigo se hicieron panes con 10, 15, 20> 25 y3Q% 
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CUADRO 3.- Aminograma de las variedades de papa andigena .Ccompis (na- 
tiva) y Varena (mejorada); andigena con tuberosum Mariva y 
Ticahuasi; y tuberosum Redskin, Grata, Greta y Desiree (gra- 
mos de aminoacido por 100 g. de nitrogeno)) 


Aminoacidos 

Ccompis 

Varena 

Mariva 

Ticahuasi 

Lisina 

33.77 

’52.78 

39.96 

41.88 

Histidina 

8,17 

13,86 

8,51 

7,90 

Arginina 

21.02- 

35.27 

- 24.87 

27.33 

Ac, Aspartico 

111.59 

175.53 

97.19 

100.64 

Treonina 

17.18 

34,. 28 

21.69 

24.04 

Serina 

18.14. 

32.37 

21.06 

21.72 

Acido Glutamico 

92.34 

164.02 

102.40 

127.64 

Prolina 

29,44 

25,95 

27.20 , 

17.39 

Glicina 

. 19.88 

32.97 

19.77 

21.72 

Alanina 

16.60 

35.62 

18.73 

17.82 

Valina 

22.93 

54.68 

28.19, 

32.32 

Metionina 

6.15 

. 20.60 

6.19 

5.05 

Isoleucina 

21.79 

39.79 

20.18 

25.39 

Leucina 

31.11 

51,17 

34.62 

40,63 

Tirosina 

21,50 • 

27,. 49 

14.69 

23.42 

Fenilaianina 

23.37 

38.90 

23.75 

29.68 

Aminoacidos 

Red skin 

Grata 

Greta 

Desiree 

Lisina 

20.24 

24.23 

24.98 

23.31 

Histidina 

6.59 

6.57 

5.96 

6.64 

Arginina 

21.07 

17.13 

22.96 

23.62 

Acido Aspartico 

25.96 

111.09 

116.21 

118.48 

Treonina 

16.17 

16.83 

14.33 

15.41 

Serina 

14.48 

15.50 

12.76 

' 11.80 

Acido glutamico 

32.41 

136.01 

145.79 

113.92 

Prolina 

11.50 

13.77 

11.93 

11.40 

Glicina 

13.32 

16.51 

12.94 

10.36 

Alanina . . 

16,14 

16.04 

•14.37 

13,23 

Valina 

• 24;72 

21.73 

21.49 

23.12 

Metionina 

4,30 • 

2.72 

1.90 

6.22 

Isoleucina 

16.53 

18.25 

13.80 

15.93 

Leucina 

23,96 

29.75 

15.34 

19.46 

Tirosina 

13.11 

14.58 

9.12 

15.37 

Fenilaianina 

21.80 

23.33 

22.28 

21.36 
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FIGURA 1. 'Confenido de algunos aminoacldos en relacion a ia leche huma- 
na (Ifnea base) en cuatro .variedades de papa (C= Ccompls; 
D = Desiree; G = Greta; T = Ticahuasi). 
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de sustitucion por pure de papa. En otras experiences se agrego ademds de pa¬ 
pa una protefna de aigodon denominada $H, para reforzar el contenidoprotei- 
co de estos panes, a niveles de 7 y 10%. Las formulas de algunds de estas 
combinaciones se dan en el Cuadro 4, como asf tambien las variaciones de 
tiempo necesario para cada paso del procedimiento. Notese que hay solo un 
ligero aumento del tiempo necesario para algunos de los procedimientos. En 
cuanto a la evaluacion desde el punto de vista organoleptico de los distintos 
panes, aquellos que contenfan 25% o mas de pure de papa fueron calificados 
como buenos, de 10 a 20% muy buenos, mientras que el pan de trigo recibio 
el calificativo de excelente. Los panes elaborados con pure de papa tenfan 
las caracterfsticas para una buena aceptacion en nuestro medio. 

Los resulfados que posferiormente se han logradoa traves deltraba- 
{o de la panaderfa experimental en la Universidad Agraria, han demostrado 
que este producto es uno que tiene gran aceptacion popular. 

En cuanta al valor nutricional de estos distintos panes hechos con 
distintas proporciones de pure de papa de variedad Renacimiento (la cual pre- 
domina en el mercado limeno pero sin embargo no es la mejor desde el punto 
de vista nutricional) muestran resulfados muy satisfactorios desde el punto de 
vista nutricional. Superan significativamente la eflciencia proteica del pan 
frances normal de la ciudad de Lima. La inclusion de protefnas de aigodon 
eleva aun mas el valor nutricional de dichos panes. 

La conservacion de los panes que contienen harina de papa es mu- 
cho mejor que los hechos solo a base de trigo. Se mantienen “frescos” 5 a 6 
dfas en las condiciones ambienfales de Lima. 

La experiencia lograda de producir este pan con papa durante 3 anos 
en una panaderfa piloto nos ha indicado que el publico estadispuesto acam- 
biar de habitos en cuanto a I consumo de pan, siempre y cuando el producto 
que se ofrezca sea de buena calidad. Sin embargo, otras realidades impiden 
recomendar ai industrial la produccibn de este pan. Existen enormes fluctua- 
ciones en los precios de la papa, y escasea en algunos meses del ano. Pero 
si tuviera un precio justo y estabilizado, que garantizara la buena produc- 
cion, y el progreso del buen agricultor (aquel que usa buena semilla, buenos 
fertilizantes, de aquel que trabaja bien y hace oportunamente las aplicacio- 
nes de insecticidas y fungicidas, etc.), podrfa asegurarse el desarrollo de un 
nuevo y mejor alimento y de una nueva pujante industria. 


Esto no sera posible mientras no exista una definicion precisa en 
relacion a la econonifa de la produccion de la papa y se siga abusando del 



CUADRO 4.- Formulas y procedimientos de algunos de los panes elaborados a nivel de directorio* 


Ingredientes, peso en gramos 


Pan de 

Pan-papa 

' Pan-papa 

Pan-papa 

Pan-papa-25% 


trigo 

10% 

20% ■ 

30% 

-SH 10% 

Harfna de trigo 


448 ‘ 

336 

248 

192 

190 

Papa sancochada (pure) 

100- 

- 

114 

• 200 

256 

230 

Harina de algodon 5H . 


- 

- 

- 

- 

28 

Levadura 

1.34 

6 

6 

6 

6 

6 

Azucar 

2.00 

9 

9 

9 

9 

9 

Sal 

1.24 

5 

5 

5 

5 

5 

Manteca, 

10.70 

48 

48 

48 

48 

48 

Agua 

■ 

Variabl 

e 120 

30 

20 

30 

*Todas las substituclones son efectuadas en 

base a materia seca. - 

Materia seca 

de la papa 

28.5 y de la 

harfna de trigo 90. 


- 




• 

Procedimientos 


Tiempo de los pasos de preparacion tipo esponja (en minutos) 

- Tiempo de.mezcla de la esponja-minutos 

15' 

15' 

15' 

15' 

, 15' 

- Fermentacion de la esponja 


30' 

30' ’ 

30' 

30' 

• 30' • 

-Mezcja de todos los ingredientes 


10' 

TO' . 

15' 

20' . 

20' 

- Primer punch 

» ( 

30' 

30' 

40' 

50' 

50' 

- Fermentacion 32°C 


30' • 

30' 

40' 

50' 

50' 

- Segundo punch 

' ‘ 

30‘ 

30' ’ 

40' 

50' 

50' 

- Preparacion de panes y fermentac 

• > 
ion 

30' 

- 30' 

30' 

30' 

30' 

- Horneado a 375°F (190°C) 

. 

20' 

20'•' 

20' 

20' 

20' 
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consumo de trigo importado, dificultandose asf la defensa de los interesesde 
fanto el productor como el publico consumidor. Se requiere el establecimien- 
fo de una polftica en relacion a !a papa que permita capltalizar sobre las po- 
tencialidades y avances realizados para obtener el maximo provechode lo que 
el pafs puede hacer con sus propios recursos. 

Elaboracion de fideos conteniendo papa 


La experiencia tecnologica, sociologica y nutricionalmente exitosa 
en la elaboracion del pan nos llevo a estudiar lasposibilidades de los fideos a 
base de papa. Los fideos fueron elaborados siguiendo las tecnicastradiciona- 
les, con las cuales se demostro que es posible elaborar a nivel experimental 
fideos de muy agradable sabor y buena aceptacion. 

En el Cuadro 5 se presentan las variaciones que han habido en cuarv 
to a! volumen, peso y porcehtaje de sedimentacidn' cuando (os , fideos 
con disfintos porcentajes de papa son cocinados durante 20 minutos. La in- 
corporacion de papa hasta un porcentaje de 40% no resutfa en cambios dema™ 
siado importantes, y estos son menos drasticos cuando se incorpora solamente 
10 a 20% de harina de papa. 

Desde el punto de vista nutriclonal en pruebas biologicas la incor- 
poracion de papa Yungay resulto en ritmos de crecimiento progresivamente 
menores en grado ligero y en eficiencias tambien un poco mas bajas que el 
fideo de trigo, con cada aumento respectrvo. Para confrarrestar este efecto 


CUADRO 5.- Datos de una prueba de coccion de 20 minutos de duracion 
para 100 g. de fideostipocanuto conteniendodistintos porcen- 
jes de papa. 


Porcentaje 
de Papa 

Volumen 

inicial 

Volumen 

final 

Peso 
final (g) 

Sedimenta- 
cion (CC) 

10% 

75 

'278 

305 

10 

20% 

73 

260 

285 

20 

30% 

79 

255 

280 

28 

40% 

75 

290 

320 

32 

50% 

79 

280 

280 

89 

- 60% 

71 

287 

320 

15 
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se agregaron pequenas dosis de protefnas'aisladas proveniences del pescado., 
El valor biologico' de estos fideos se elevo notablemenfe con la sola incorpo- 
racion de 4% de esta protefna. ..La calidaddel fideo conteniendo trigo, pa¬ 
pa /-pescado fue extraordinariamente buena sin que hubiesen problemas rela¬ 
tives al sabor del producto. 

Otros productos 

Los buenos resultados logrados tanto en pan como en fideos nos per- 
miten preveer la necesidad de elaborar otros productos nuevos a base de papa 
como por efemplo, alimentos para desayunos, hojuelas, carapulcras* snacks, y 
tortillas 'de variados sabores y texturas; 

Indudablemente que tambien hay muchos alimentos que ya son co- 
nocidos, que pueden ser mejorados a base de la. conjugacion de !a papa con 
concentrados o alimentosproteicos que eleven la cantidad de protefnas del 
producto. Como^ejemplo teriemos a I pizza-pan,, hecho con papa, filetesde 
pescado y trigo, que tiene muy buena aceptacion. 

En todas estas posibilidades tienen que combinarse.iosfactorpsagro^ 
nomicos, economicos, geneticos, organolepticos, nutricionaies ytecnologicos 
de r los distintos productos incluyendo la facilidad que puedan tener distintas 
papas para su procesamiento. ’ ' 

No parece haber ninguna limltacion en cuanto al rol que pueda 
cumplir la papa en funcion de la produccion de alimentos nuevos, tales como 
bebidas,-productos texturizados que i mi ten a la .carne, y toda la generacion 
de productos que han sido producidos en otras partes a base de alimentos que 
fueron tan poco prometedores como la soya. La papa por su propia caracte- 
rfstica, por el hecho de haber sido un producto aceptado para el cbnsumo hu- 
mano desde hace muchrsimos arlos, ofrece posibilidades exfraordinarias que 
deben de ser plenamente ufHizadas. 

En paises donde las condiciones ecologicas son mas favorables a la 
produccion de la papa que la del trigo, se d'ebe analizar el rol futuro de la 
papa como alimento basico, no solo para el agricultor que subsiste en base a 
este cultivo, sino para las poblaciones urbanas, haciendo preguntas relatives 
al desarrollo economico-social-cultural. 

La papa ha sido y es la base.de la cultura envarios pafsesandinos, 
y seguira siendo uno de los cultivos alimentlcios del cual se tendra que de- 
pender para el desarrollo autososfenido de sus pueblos. 



BREEDING FOR IMPROVED TUBER PROTEIN 
CONTENT AND QUALITY 


Sharon L. Desborough & C.J. Weiser 
(presented byD.G, Richardson) 

University of Minnesota, St. Paul, Minnesota, U.S.A. 


The subject of this presentation is in the process of being published 
(1). Therefore, only the following brief summary should be published in the 
proceedings of this Symposium. 

The quantity and quality of tuber protein has been investigated in 
selected Phureja-Haploid Tuberosum families. Six families have been grown 
for two years at two locations. These families include diploid and tetraploid 
progenies. There is an effect of ploidy level and growing location on the a- 
mounts of tuber protein. We have found by selecting parents high in protein 
that the average protein content of their progeny can be doubled and in some 
genotypes tripled. More important the nutritional value of the protein is im¬ 
proved as measured by gains in essential amino acids. 

This current year the studies have been expanded to include the 
relationship between nitrogen content and total protein. Also comparisons 
have been made between the relative amounts of sixteen amino acids, the to¬ 
tal amino acid content and the total tuber protein. Information has been ob¬ 
tained about the free amino acid pool and the amino acid content of the tuber 
protein. It appears that relative amounts of the sixteen amino acids remain 
high in genotypes selected for high protein. Preliminary flavor analyses sug¬ 
gest that there is no adverse effect of high protein on taste of the cooked po¬ 
tato. Other studies have been conducted on the relation of fresh tuber weight 
to amount of tuber protein. Further research concerning the heritability of 
essential amino acids and total tuber protein are underway. 

Literature cited 

1. Desborough, Sharon and C.J. Weiser. 1972. Protein comparisons in se¬ 
lected phureja-haploid tuberosum families. Amer. Potato J. 49*. 
227-233. 
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POTATO BREEDING FOR EAST AFRICA 

W. Black (presented by D.C.Harris) 
British Potato Research Team, Nairobi, Kenya 


The purpose of this paper is to discuss the prospects of establishing 
the potato as a major food crop in E. Africa. The potato was first introduced 
into East Africa from Europe early this century but it made relatively little 
progress because the varieties were not specially adapted to tropical conditions, 
namely short day length, intense light, and high temperatures. 

Potatoes originated in the tropics, in the Andes of Bolivia and Peru. 
The history of the potato (Dodds 1965, Hawkes 1967) shows that the common 
potato, Solanum tuberosum, which is tetraploid (2n = 48chromosomes)originated 
from diploid ancestors (2n = 24chromosomes). Accordingly, we have a complex 
of diploid types grown for food in South America, but only on alimited scale, 
together with a complex of autotetraploid types which are more widely grown. 
It was the latter which provided the material for the development of the crop 
in temperate latitutes over the past few centuries. 

Potatoes first found their way to Europe late in the 16th Century, 
but they proved to be poorlyadapted to the climatic conditions. Little improve¬ 
ment in productivity was made until the 19th Century when better types were 
gradually developed by breeding methods. The improvement has been rapidly 
accelerated in the present century and the potato has become, through cons¬ 
tructive breeding, a major food crop in most of the temperate regions of the 
world. Thus a tropical plant from South America has been successful ly adapted 
by breeding methods to temperate regions, and we are now trying to take it 
back to the tropics but to a different continent. If success is to be achieved 
in minimum time, advantage must be taken of improvements In commercial 
qualities and in disease resistance, effected over the years in temperate 
countries, and these must be combined with factors controlling adaptation to 
short day conditionsand higher temperatures. It would appear that this problem 
may not be so difficult to solve as might be expected. If a breeding program¬ 
me is limited to pure S. tuberosum derivatives, such as many of the cultivars 
grown in temperate countries, then the chances of obtaining types suitable 
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for short day conditions are rather remote. The genes controllingadaptability 
to tropical day length have been largely bred out. But modern plant breeding 
programmes particularly those involving disease resistance, include not only 
wild species but selections produced under tropical and subtropical conditions. 
Such breeding material has every chance of contributing genes for short day 
conditions and higher temperatures and of providing a wider range of types 
for selection purposes. It has been found that the later maturing types select¬ 
ed under temperate conditions tend to give the better results in the tropics, 
and late maturity has,therefore,been an important factor in selecting for the 
tropics. Presumably some linkage exists between factors for late maturity under 
temperate conditions and factors for adaptation to short day conditions. The 
problem of breeding for the tropics in temperate countries is, therefore, quite 
feasible, but, of course, the ultimate selection trials must be carried out 
under short day conditions and in the environment where it is proposed to 
establish the crop. This relationship between time to maturity and day length 
has been clearly shown by Pushkarnath (1970). 

Apart from adaptation to tropical conditions and the improvement of 
yield and other desirable commercial qualities, the problem of disease re¬ 
sistance must be considered in any breeding programme. Disease epidemics 
have been, throughout history, a major threat to man's food supply. Despite 
the advances made in chemical methods of disease control, the use of resistant 
varieties of crop plants represents the most economica I means of defence against 
some of the more destructive pathogenes like cereal rusts, apple scab, potato 
blight and potato root eelworm. The potato crbp may be attacked by many 
different organisms - viruses, bacteria, fungi, nematodes and insects. They 
are all important from the point of view of epidemic risk, but fungi probably 
occupy first place in East Africa, with bacteria second. 

In potatoes, the ability to resist disease is controlled by two dif¬ 
ferent genetic systems. One of them, "hypersensitivity", is controlled by 
major genes, but is valuable only against pathogenes of low variability such 
as viruses X, A, B and C. In hypersensitive plants the cells are so sensitive 
to the invading organism that those near the point of entry are rapidly killed 
and form a necrotic barrier to further penetration. The parasite is thus 
imprisoned in local necrotic lesions and is unable to survive. This form of 
resistance was originally employed in the control of blight ( Phytophthora in - 
festans) but this fungus proved to be extremely variable, and new races 
capable of overcoming the different hypersensitive forms that were bred, 
appeared within a few years. Thus, the strain-specific fbrm of resistance 
proved to be of temporary value only. To overcome this difficulty breeding- 
work was concentrated on the other form of resistance viz. general or field 
resistance. 
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Field resistance may be described as the degree of resistance ex¬ 
hibited by a plant to all races of the parasite. It is inherited in polygenic 
fashion and the various minor genes involved appear to supplement each other 
in the control of the disease. In individual plantsthese minor genes determine: 

(1) the degree of resistance to infection 

(2) the rate of spread after infection 

(3) the time required for sporulation to begin 

(4) the number of spores produced 

The combined effect of all these different factors determines the 
degree of resistance present in plants. Seedlings tested under controlled 
conditions may, therefore, be classified with a reasonable degree of accuracy 
into five resistance groups according to the amount ofdamage incurred seven 
days after inoculation. In that time the group 5 seedlings are completely 
blighted. The reaction groups are described in Table 1. 

TABLE 1.- Classification of field resistance 


Reaction 

group 

Type of 
lesion. * 

Estimated area 
affected (%) 

Description 

1 

Restricted 

3 

Highly resistant 

2 

Partly arrested 

10 

Fairly resistant 

3 

Retarded 

30 

Slightly resistant 

4 

Normally progressive 

60 

Normally susceptible 

5 

Rapidly progressive 

100 

Very susceptible 


Note: In the Tables that follow, the signs + and - are used to describe more 
exactly the resistance of the parent plants; e.g. a 3+reaction indicates 
that the plant is on the susceptible side of the group 3 range while a 
3-reaction is on the resistant side of that range. 

This test for field resistance to blight has been employed both in 
Scotland and in Kenya with comparable results. The present work i*in effect, 
a continuation of the investigations on the nature and inheritance of field re¬ 
sistance previously published (Black 1970) but, of course, the emphasis is now 
on the selection of blight resistant types adapted to short day conditions. 
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The work now in progress includes the hybridisation of blight re¬ 
sistant selections of near commercial standard in order to build up resistance 
to a high degree in the background of desirable economic qualities. It can be 
seen (Table 2) that group 1 and group 2 seedlings may be obtained in satis¬ 
factory proportions even when one of the parents reacts as group 3. The culture 
of blight employed reacted as race 1, 2, 3, 4, 7. 

TABLE 2.- Blight resistance in hybrid progenies. 


Distribution of 
Reaction N°of seedlings (%) 

of Seedlings in reaction groups 


Ref. N° 

Parentage 

parents 

tested 

1 

2 

3 

4 

5 

7530 

4253ab(25)xP. Ivory 

l+x4- 

202 

4 

16 

33 

29 

18 

8671 

5666ab(4)x3071 ab( 1) 

1x2+ 

210 

10 

6 

22 

38 

24 

7676bc 

4519a(3)x4495ac(l 1) 

3x1 

222 

8 

13 

13 

45 

21 

8683 c 

6062ab(5)x6300-2(4) 

l+x2- 

121 

16 

7 

28 

36 

13 

7471a 

R. Castlex5389(2) 

3x1 

145 

17 

12 

32 

33 

6 

7535a 

4254bc(21)x4495ac(l 1) 

3x1 

159 

12 

22 

19 

36 

11 

7115a 

4517(l)x3869ad(7) 

1x3 

167 

12 

24 

25 

35 

4 

8622 

4519a(2)x6372a(3) 

3x1+ 

166 

10 

31 

20 

25 

14 


When both parents are group 1 types (Table 3) the proportions of 
group 1 and group 2 seedlings are generally much higher, depending / of course, 
upon the extent to which the two parental contributions supplement each other 
towards maximum resistance. The combined proportions of group 1 and group 
2 seedlings may reach 70% in some progenies and since these plants do not 
usually require protective spraying the proportion of resistant survivors avail¬ 
able for selection for commercial qualities in general is satisfactorily high. 
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TABLE 3.- Blight resistance in hybrid progenies 


TO 

(l> 

• 

z 

o 

Parentage 

Reaction 

of 

Parents 

Distribution of 

N° of seedlings (%) 

Seedlings in reaction groups 
tested 1 2 3 4 5 

7652b 

45l4a(3)x4495ac(ll) 

1+xl 

100 

11 

15 

24 

34 

16 

7637ab 

4495a c (5) x5389(2) 

1+xl 

164 

17 

18 

23 

31 

11 

8711 

6456ab(52)x6372a(3) 

1x1 + 

80 

31 

19 

15 

19 

16 

8673a 

5666a b (4) x6372a (3) 

1x1 + 

125 

22 

46 

14 

10 

8 

8597b 

4517(l)x6000ab(33) 

1x1 + 

131 

17 

56 

15 

10 

2 

7667 

4517(l)x4495ac(ll) 

1x1 

80 

18 

22 

33 

22 

5 

7702ab 

5389(2)x5567c(6) 

lxl 

• 200 

23 

29 

15 

26 

7 

7513 

3681ad(l)x4495ac(l 1) 

lxl 

137 

36 

33 

16 

12 

3 

8601a 

4517(1 )x6456ab(4) 

lxl 

180 

28 

41 

23 

6 

2 


In East Africa the most destructive disease of potatoes is bllghtand 
a breeding programme has been established to deal with it. A collection of 
late maturing blight resistant seedlings bred in Scotland and selected during 
the past 8 years has been introduced and its value is being assessed. In ad¬ 
dition, a collection of hybrid seeds produced in Scotland and known'to possess 
the necessary blight resistance is being employed to provide a range of 
material for selection purposes. It is expected that these selectionswill serve 
as the basis for further constructive breeding work and may even give a few 
types of immediate commercial value in Kenya. 

My interest in potatoes for the tropics started with a visit to East 
Africa in 1949 and continued with the submission of late maturing selections 
for trial in Kenya by Dr. R. M. Nattrass. Over the next few years five of the 
selections were named and introduced into commerce. Some bfthem are still 
grown, and one introduced in 1953, named Roslin Eburu, is believed at present 
to occupy most of the potato acreage in East Africa. Although its field re¬ 
sistance to blight is only moderate, the degree of resistance it does possess to¬ 
gether with its adaptation to short day conditions and its cropping propensity, 
has established it over a wide area. Its family tree (Fig.l) shows that both 
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S. demissum and phureja are twice represented in its parentage, as well as 
8 commerical varieties known in Britain. 

In 1962 a request was received from R. A. Robinson, then Senior 
Plant Pathologist, for hybrid seeds to sow in Kenya and to screen the resulting 
seedlings for resistance to blight and bacterial wilt. Some promising selections 
were obtained from this source and one of them, named Kenya Akiba, has been 
released into commerce. Another seedling of the same parentage is at present 
undergoing regional trials and, if it reaches the desired standard, it will also 
be named and released. The origin of these selections is shown in Fig. 2. 

The family tree of Kenya Akiba shows that S. demissum and S.mi- 
crodontum are represented once and S. phureja twice. The commercial 
varieties employed include American, Australian and German as well as 
British cultivars while two blight resistant selections obtained from Mexico 
play a prominent part in the later breeding. It is thus very much international 
in origin. Kenya Akiba has much better blight resistance than Roslin Eburu 
and has shown also some resistance to bacterial wilt. 

It is proposed to establish in Kenya a comprehensive potato breed¬ 
ing programme to cover the more important qualities necessary for the improve¬ 
ment of the crop. The material referred to above will form the basis of that 
programme. 
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RECENT RESEARCH ON PHYTOPHTHORA 1NFESTANS IN EAST 
AFRICA AND THE DEVELOPMENT OF LATE BLIGHT RESISTANT 
POTATO VARIETIES FOR THE HIGH ELEVATION TROPICS 


R.T. Wurster and J. Kori 
Makerere University, 
Kampala, Uganda 


Potatoes, Solanum tuberosum ,are grown almost throughout Uganda, 
but are particularly well adapted in the areas of higher elevation in Kigezi, 
in southwestern Uganda, and in the mountainous areas of Bugisu and Sebei, 
near the border with Kenya. At one time the estimated potato acreage in 
Uganda was more than 17,000 acres. However, during the past ten years the 
acreage devoted to potatoes has greatly decreased because of very low yields 
and the lack of a reliable source of seed resulting in increased imports of 
potatoes in Uganda (11). Even in the higher elevations of Kigezi, the major 
potato growing area of Uganda, yields are commonly as low as one to two 
tons per acre. The low yields have been attributed to a number of factors 
including the lack of suitable varieties, a low standard of management and 
disease problems. A number of diseases including bacterial wilt ( Pseudomonas 
solanacearum), Cercospora leaf spot ( Cercospora con cars ) and several virus 
diseases greatly reduce yields. However, the late blight disease caused by 
Phytophthora infestans is the most serious factor limiting potato production in 
Uganda, since the disease can quickly reach epiphytotic proportions wherever 
potatoes are grown (12), Numerous potato varieties have been brought into 
Uganda, mostly from neighboring Kenya, in an attempt to find resistance to 
late blight. Such varieties as Kerr's Pink, Dutch Robijn, and more recently, 
Roselin Eburu were grown widely in Uganda but seemed to become suscepti¬ 
ble to late blight (5). Whereas in Kenya, blight susceptible potato varieties 
can be grown commercially with the aid of fungicides, the entire crop in Ugan¬ 
da is produced by subsistence cultivators who cannot afford chemical control 
measures. 

Literature Review 

Gallegly (5) conducted a survey of problems involved in potato 
improvement in Uganda and concluded that late blight was the main factor 
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responsible for low yields in Uganda. He recommended that (i) breeding for 
late blight resistance should be given priority along with the development of 
a certified seed program; (ii) a survey of the pathogenic races of Phytophthora 
infestans be conducted so breeders would know what type of resistance to in¬ 
corporate in new varieties; and (iii) the main emphasis in developing blight- 
resistant potato varieties should be placed on the use of the multiple - genic 
type of resistance to insure resistance stability. Black (2) defines field resist¬ 
ance as the degree of resistance exhibited by a plant to all races of the fungus 
to which it isnot hypersensitive. Niederhauser (10) has reported that the pro¬ 
tection by field resistance remained unchanged in the Toluca Valley, in 
Mexico over a period of ten years. Black (2) notes that the variety, Roslin 
Eburu, which exhibits a field resistance rared at 2+, is well adapted to the 
short day conditions of East Africa where it has been grown commercially for 
over ten years. However, Wurster (11) reported that some varieties of known 
resistance to late blight, including Roslin Eburu, were severely attacked in 
Kigezi during growing seasons favorable for the development of the disease. 
Gallegly (4) noted that the disappointing search for stable resistance to late 
blight has resulted mostly from the extreme pathogenic variability of Phytoph- 
thora infestans. These factors point to the need of careful assessment of the 
resistance of potato varieties before their release for general use by subsist¬ 
ence farmers. 


Methods 


a) Identification of races of PViytOphthora infestans; The method 
used for identifying races of P. infestans is basedon the work of Black (1). 
The following derivatives of Solanum demissum were obtained from the 
Scotish Plant Breeding Station, Pentlandfield, for inoculation with isolates of 
the pathogene collected in Uganda and Kenya: Single dominant gene series 


R 1 " R 10' 


including the recessive (rr) and multiple genotypes 


R l R 3-' 


R 1 R i/ R^R-, RrjRj/ ^0^4# ^1^ 

4 Z 6 Z 4 o 4 Izo 1/4 


3 R 4' R 2 R 3 R 4' 


R 1 R 2 R 3 R 4* 


The 


plants were grown in an insect-free enclosure until they had an average of 
six to eight mature leaves for inoculation by the detached leaf technique(8). 
Isolates of the pathogene were collected from mafor potato growing areas of 
Uganda and Kenya and maintained according to the in vivo method described 
by Keay (7) and modified by Kori (8). The technique involves the insertion 
of a disease leaflet with a young, active lesion into a deep cut made in a 
tuber, usually taken from the same plant. The tuber containing the diseased 
leaflet is held together with a rubber band to avoid dessication and stored in 
a thermostatically controlled refrigerator at 13°C. until needed for inocula¬ 
tion. Every six weeks, the fungus was transferred into healthy tubers of 
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variety Alpha, which contains no R-genes for resistance to late blight. Inocu¬ 
lum was prepared by asceptically cutting small slices of a blighted tuber which 
were placed on moistened filter paper in petri dishes held at 18°C in a low- 
temperature incubator. In this environment abundantsporulation was obtained 
within four to five days. Zoospore release was achieved by placing the spor¬ 
angia harvested from the above procedure in distilled water at 13°C for 30 
minutes to one hour. Inoculations were made by'placing small cotton balls 
soaked in the zoospore suspension on the leaflets to be tested. The entire 
method was modified slightly to employ whole leaves which were kept turgid 
by immersing the petioles in 100 ml flasks containing distilled water and held 
for four to five days in an incubation chamber as described by Hunt (6), A 
key similar to that employed by Black (2) was used to read the reaction of the 
differentials, but sporulation was used as the main criterion for susceptibility. 

b) Assessment of blight resistance in some East African potato 
varieties ; Before the introduction of any new germ plasm was begun, a collec¬ 
tion was made of local and existing varieties within East Africa (Table 3). A 
number of clones grown locally in Uganda, which could not be identified by 
varietal name, were obtained from the Kawanda Research Station, Kampala, 
and listed according to their station acquisition number. Roslin Eburu (B-53) 
and Kenya Akiba (RW-2) were obtained from the National Agricultural Labo¬ 
ratories, Nairobi, In some cases where only two or three tubers of a variety 
were collected, the tubers were sprouted in sterile vermiculite and multiplied 
by the use of individual sprouts or stem cuttings. Ten tubers of each variety 
were planted at two locations, Kabanyolo University Farm (elevation 1463 
meters) and Kabale (elevation 2195meters). One row of the blight susceptible, 
variety. Alpha, was planted between every two rows of the local varieties 
being assessed for blight resistance. No inoculation was used in the field 
trials and no pesticides were used except Rogor 40 (dimethoate) to control 
aphids. The plants were rated biweekly according to an internationally ac¬ 
cepted disease index used for rating the foliage for resistance to late blight 
(see footnote in Table 3). 

c) Introduction and testing of new germ plasm: True seed from 

crosses of known blight resistance were imported from the U.S. Department of 
Agriculture, Beltsville, Maryland. The seed was germinated on filter papers 
in a germinator (Baird and Tatlock, Ltd., London) and held there for four to 
five days or until a radicle 1 to 2 cm long was produced. The seedlings were 
then individually transferred with a flattened dissecting needle to 8 x 10 cm 
polyethylene bags containing sterilized soil and grown in a screened enclosure 
(Figure 1). After the plants had matured,usually in about 70 to 90 days, the 
marble-sized tubers were harvested and stored until dormancy was broken . 
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The sprouted tubers of each family line were planted individually at a spacing 
of 90 x 60 cm at test plots at the District Farm Institute, Kigezi (elevation 
2195 meters). The land chosen had been under grass for over 30 years and the 
site selected was a hilltop making contamination with soil-borne pathogeny 
such as Pseudomonas solanacearum , through drainage water unlikely. The land 
was prepared with ox-drawn implements and Thimet was applied as a systemic 
soil insecticide before planting. Aldrin (40%) was also used to control cut¬ 
worms and other soil insects which became a problem during the growing sea¬ 
son. As described above, rows of a blight susceptible variety were interspaced 
with the rows of plants being assessed for resistance to late blight and no ino¬ 
culation was used. The foliage was also rated biweekly for resistance to late 
blight and plants showing a high degree of resistance were marked during the 
growing season and re-examined at harvest when data was recorded on the 
yi eld and tuber characteristics of resistant plants. Tubers from lines selected 
during the first season were planted in the field and again exposed to late 
blight to eliminate "escapes" from the first season* Selections were made on 
the basis of acceptable tuber characteristics from plants having a blight 
index of 2+ or better and sent to the Rockefeller Foundation International Po¬ 
tato Program in Mexico for further testing. 

Results 

The races of Phytophthora infestans identified from isolates collec¬ 
ted in Uganda and Kenya are listed in Table 1. In addition to confirming the 
existenceof races of P. infestans already reported in Kenya (3) nine addition¬ 
al races were identified by 1971 (8). In all, at least 15 races of P. infestans 
are now known to occur in East Africa on potato in addition to three on to¬ 
mato and at least two on other solanaceous hosts. The greatest number of 
races from one region were identified from isolates collected from Kigezi. 
The most common race identified from all isolates collected was race 4, re¬ 
presenting almost 20 per cent of the total isolates collected (Table 2), More 
than half of all isolates collected from Uganda and Kenya belonged to races 
4; 2,3; 3,4; and 1,2,3,4 . 

The mean blight indices of some local potato varieties tested at 
two locations in Uganda are presented in Table 3. During the first growing 
season, the attack by late blight was generally more severe on the plants 
grown at Kabale than on the same varieties grown at Kabanyolo, but some 
clones survived at both locations. After the third growing season at Kabale, 
all clones were discarded on the basis of susceptibility except B-53 (Roslin 
Eburu) and RW-2 (Kenya Akiba). Roslin Eburu has consistently received a 
blight rating of 3+ for late blight over a four-year period in Kigezi. Kenya 














FIGURE 1 . Screened potato propagating house used for the production of seed¬ 
lings and the rapid vegetative multiplication of potato clones in 
Kampala, Uganda. 
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TABLE 1. Races of Phytophthora infestans identified from isolates collected in 
Uganda and Kenya, 


Host 

Location 

Races 

Frequency 

Potatoes 

Kabanyolo 

1/3,4 

2 



H 

8 

5 


• - 

37 

13 

Potatoes 

Kigezi 

T~ 

7 



J 

11 



1,4 

6 



27 

3 



2,3,4 

5 



1/2, 3, 4 

5 



1,2,3,4,5 

3 

Potatoes 

Toro 

4 

3 



2,3 

1 

Potatoes 

Embu 

1 

2 



4 

5 



2,3 

6 



1,3,4 

4 



1,2,3,4,7 

9 

Potatoes 

Limuru 

1,2,3,4 

4 

Potatoes 

Nyandarua 

1 

3 



4 

5 



3,4 

3 



1,2,3,4 

6 

Potatoes 

Naivasha 

4 

3 

Potatoes 

Mob 

1,4 

6 



1,2,4 

4 



2,3,4 

6 

Tomatoes 

Kabanyoio 

0 

6 



4 

5 

Tomatoes 

Mukono 

0 

3 



4 

2 

Tomatoes 

Nairobi 

3,7 

4 


Total number of isolates identified 158 
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TABLE 2. Percentage of Isolates according to race collected from potatoes in 


Uganda and Kenya. 

Race 

Frequency 


Per cent of Isolates 
Identified 

4, 

27 

• i 

19,5 

M 

16 


11.6 

hi 

15 


10.9 

1,2,3,4 

15 


10.9 

* 

]_ 

12 


8.7 

M 

12 


8.7 

2/3,4 

11 


8.0 

1,2,3,4,7 

9 


6.5 

M 

8 


5.8 

1,3,4 

6 


4.3 

1,2,4 

4 


2.9 

1/2,3,4,5 

3 


2.2 
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TABLE 3. Mean Blight indices of some potato varieties grown at Kabale, 
Kigezi, and Kabanyolo Farm, Makerere University, Kampala. 


Variety 

Kabanyolo 

(1968) 

1 n d e 
Kabale 
(1968) 

X 

Kabale 

(1969) 

Kabale 

(1970) 

1. Ambassadeur 

2.0 

2.0 

3.0 

4.0 

2. Alpha 

3.0 

3.0 

5.0 

- 

3. Arran Victory 

3.5 

4.5 

- 

- 

4. BD-3 

0.0 

0.0 

3.5 

- 

5. B-53(Roslin Eburu) 

- 

2.5 

3.5 

3.5 

6. Furore 

3.0 

2.0 

4.0 

- 

7. Gineke 

3.5 

4.0 

- 

- 

8. N°16 

3.5 

4.5 

- 

- 

9. N°21 

2.5 

3.5 

- 

- 

10. N°22 

3.0 

3.0 

5.0 

- 

11. N°23 

- 

3.0 

5.0 

- 

12. N°25 

4.0 

2.5 

5.0 

- 

13. N°26 

- 

2.5 

3.5 

- 

14. N°27 

3.0 

3.0 

4.0 

- 

15. N°31 

3.0 

2.5 

4.0 

- 

16. N°33 

4.5 

5,0 

- 

- 

17. N°34 

2.0 

2.5 

3.5 

- 

18. N°35 

4.5 

5.0 

- 

- 

19. Prof fit 

2.5 

2.0 

5.0 

- 

20. RW-2 (Kenya 
Akiba) 

0.0 

0.0 

0.0 

1.0 

21. Pimpernel 

2.0 

2.0 

4.0 

- 

22. Susanna 

0.0 

0.0 

5.0 

- • 

23. Voran 

2.0 

2.5 

3.5 



Key: 

0 = no blight present 

1 = blight lesions difficult to 

find (5-10 lesions per plant) 

2 = blight lesions very evident, 

but no more than 25% of plant 
affected. 


3 = plants moderately diseased, 

up to 50% of foliage affect¬ 
ed 

4 = plants severely defoliated, 

but not dead 

5 ■= plants dead 
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Akiba has been rated as 0 to 1 for late blight until the first growing season of 
1972 when Kenya Akiba received a blight index of 3. 

The progress of late blight in progenies of 19 crosses as expressed 
by percentage of plants attacked by disease in field trials at Kigezi is pre¬ 
sented in Table 4. Some plants from all crosses showed susceptibility to late 
blight within 18 days after sprouting, and more than half of the plants of most 
lines had been eliminated by disease by 46 days after sprouting. The percent¬ 
age of plants surviving from a single cross after one growing season varied 
from 0.5% for the most susceptible line to 22 . 9 % for the line most resistant to 
late blight. 

A comparison of the performance of some Uganda selections in late 
blight trials at Kigezi, Uganda, and the Toluca Valley, Mexico, is shown in 
Table 5. In all cases, the late blight attack was more severe in the Toluca 
Valley test than in Kigezi,, Only a few of the lines selected for blight re¬ 
sistance in Kigezi demonstrated a useful level of field resistance in the Toluca 
Valley test; and have been chosen for seed multiplication and varietal release 
in Uganda, 

Discussion 


The present study on the races of P. infestans indicates that a num¬ 
ber of new races have evolved since the races of the pathogene were first 
identified by Nattrass (9) in Kenya, in 1950. The increase in the number and 
complexity of races of the pathogene on potato over a twenty-year period is 
probably due in part to introduction of new R-gene resistant hybrids into East 
Africa. Undoubtedly, the evolution of new races of infestans is a conti¬ 
nuing process as new genotypes of the host are introduced. The high degree 
of mutabilityof the pathogene, therefore, makes the use of the single dominant 
gene type of resistance of questionable value in the development of late blight 
resistant varieties. 

The fact that the greatest number of races of P, infestans from one 
region were identified from isolates collected from Kigezi, helps to explain 
why a number of potato varieties (Table 3) which are grown elsewhere in East 
Africa, become susceptible to late blight in Kigezi. For this reason and be¬ 
cause of the almost constant cool and moist conditions prevailing during the 
growing season, Kigezi is probably one of the most severe "screens" for late 
blight in East Africa. Nevertheless,most of the lines which were selected for 
disease resistance in Kigezi, were severely attacked by late blight in the To¬ 
luca Valley (Table 5) indicating that the Toluca Valley test is a more severe 









TABLE 4. 


Late blight progress in progenies of 19 crosses as expressed by percentage of plants attacked by disease 
in field trials at Kigezi, Uganda. 


Breeding line 

N° of 
plants 

18 

Da 

32 

ys After S prou 11 n g 

46 60 74 

88 

102 

% N° of 
Survi- plants 
vals surviving 

B4557-2xB5011-17 

211 

19.43 

24.17 

50.71 

75.82 

82.93 

90.99 

97.15 

2.85 

6 

39 - 1 x 245 - 2 

214 

23.36 

30.37 

60.74 

63.55 

70.63 

76.63 

80.84 

19.16 

41 

39 - 1 x Merimac 

183 

7.65 

25.68 

36.06 

63.39 

65.57 

85.24 

93.44 

6.56 

12 

B5755-8 x B3956-1 

340 

8.82 

28.23 

48.83 

61.76 

71.47 

95.58 

97.64 

2.36 

8 

B5408-2 x B5281-1 

49 

10.20 

16.32 

30.61 

42.85 

63.26 

73.46 

79.64 

20.36 

10 

B5700-1 x 245-2 

109 

6.42 

17.43 

35.77 

60.55 

76.14 

81.65 

85.32 

14.68 

16 

B5687-12 x B5000-18 

87 

16.09 

21.83 

44.82 

55.05 

68.96 

81.60 

87.36 

12.64 

11 

B5052-7 x B5090-11 

215 

3.72 

20.46 

27.44 

29.76 

43.72 

74.88 

84.65 

15.35 

* 33 

B5701 -5 x B5755-8 

83 

2.40 

8.43 

30.12 

33.73 

44.57 

65.06 

77.10 

22.90 

19 

B5052-7 x Seranac 

79 

10.26 

15.20 

26.60 

36.71 

44.30 

67.08 

78.48 

21.52 

17 

245-2 x 168-3 

146 

6.85 

35.62 

63.01 

80.82 

81.50 

89.04 

90.41 

9.59 

14 

B5708-2 x B5066-3 

153 

13.07 

45.10 

54.90 

77.12 

79.08 

84.31 

86.27 

13.73 

21 

B5701-2 x B5011-17 

186 

42.47 

67.20 

72.58 

89.24 

93.01 

95.69 

99.46 

0.54 

1 

Wouseon x B607-56 

174 

25.43 

57.47 

63.21 

86.78 

91.95 

97.70 

98.85 

1.15 

2 

245-2 x B3139-24 

207 

43.47 

63.80 

72.46 

88.40 

89.37 

93.71 

89.55 

1.45 

3 

Teton x 245-2 

208 

11.05 

57.17 

69.71 

82.69 

84.13 

84.61 

91.34 

8.66 

18 

B5701-4 x Merimac 

445 

23.59 

46.51 

68.98 

90.78 

93.38 

94.38 

95.73 

4.27 

19 

B5669-4 x 245-2 

133 

7.51 

24.06 

29.31 

44.36 

63.90 

81.20 

95.48 

4.52 

6 

B4784-1 x B5000-18 

238 

23.52 

42.43 

64.44 

68.90 

74.78 

87.39 

92.01 

7.99 

19 

Total 

3460 








7.98% 

276 
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TABLE 5. The performance of Uganda potato selection in late blight field 
trials at Kigezi, Uganda, and Toluca Valley, Mexico. 


Cross 

Selection 

Number 

Mean Blight Index 

Kigezi Toluca 

B5701-4 x Merimac 

1 

1 

2+ 

B5701-4 x Merimac 

2 

0 

3+ 

B5052-7 x Seranac 

1 

1+ 

4 

B4784-1 x B5000-18 

1 

0 

5 

B4784-1 x B5000-18 

2 

1 

4 

B5755-8 x B3956-1 

1 

0 

2+ 

B5755-8 x B3956-1 

2 

1 

2+ 

B5755-8 x B3956-1 

4 

1 

3 

B5669-4 x 245-5 

1 

1 

2+ 

B5669-4 x 245-5 

2 

1 

&- 

B5669-4x 245-5 

3 

2 

4+ 

B5701-5 x B5755-8 

1 

1 

44* 

B5701-5 x B5755-8 

2 

1 

44* 


screen for resistance to the disease. For this reason and because of the large 
number of physiological races of P. infestans which are present in Mexico, 
the Toluca Valley test is very valuable in identifying field resistance which is 
potentially useful in Uganda. Clones which received a rating of 2+ for late 
blight in Mexico, have been rated from 1 to 1+ in Kigezi for five consecutive 

growing seasons. 
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The results of the present study indicate that resistance stability 
can only be achieved through the use of new potato varieties selected on the 
basis of an adequate level of multiplegenic resistance. Nevertheless, the 
expression of field resistance is not an absolute quantity and may vary with 
geographical location and environmental conditions. For example, the per¬ 
formance of the variety Roslin Eburu, which possesses genes R 1 R 2 R 3 R 4 f ° r 

resistance to late blight, must be due to field resistance, since race 1,2,3,4 
has been identified both In Kenya and Uganda. However, where Roslin Eburu 
exhibits field resistance rated at 2+ in Kenya (2) the variety has consistently 
been rated as 3+ in Uganda. 

Black (2) described field resistance as a complex character repre¬ 
senting the combined effect of genetic factors controlling (i) resistance of the 
plant to infection, (ii) rate of spread through the tissues after infection has 
taken place, (iii) time required to initiate spoliation, and (iv) number, of 
spores eventually produced. In the present study, the different levels of field 
resistance exhibited at different geographical locations by the same host geno 
types indicate that the environment may modify the effect of genetic factors 

controlling field resistance. 

# 

Summary and Conclusions 

Late blight caused by Phytophthora infestans is the most serious 
factor limiting potato production in Uganda. A survey of the races of P. in_- 

festans was initiated to determine the degree of race specialization of the 

pathogene that has occurred in the past 20 years. In addition to confirming 
the existence of races of P. infestans already reported in Kenya, nine addi¬ 
tional races were identified in Kenya and Uganda. The most common races 
were 4, 2/3, M and 1 ,2,3,4. The greatest number of races from any one 
region were identified from isolates collected from Kigezi, western Uganda. 
Field trials were conducted in Kigezi with a collection of varieties and clones 
existing in East Africa, and none were found to have sufficient resistance to 
late blight to be grown without the aid of protective sprays. New germ plasm 

was introduced as true seed and over 50,000 seedlings were screened for re¬ 
sistance to late blight. The relatively few surviving clones were tested for 
field resistance to late blight in the Toluca Valley, Mexico. Only a few 
lines selected for blight resistance in Kigezi demonstrated a useful level of 
field resistance in the Toluca Valley test and are now being multiplied for 
varietal release in Uganda. 
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The results of the present study indicate that resistance stability 
can only be achieved through the use of new potato varieties selected on the 
basis of an adequate level of multiplegenic resistance to late blight. Only 
varieties which possess such field resistance and which are adapted to the en¬ 
vironmental conditions of the major potato growing areas of the country are 
likely to increase potato production in Uganda to a significant extent. 
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THE LATE BLIGHT TESTING PROGRAM IN MEXICO 


John S. Niederhauser 
CIP, Mexico 


The first Mexican field trials for resistance to late blight ( Phytoph- 
thora infestans ) were conducted at the Chapingo Experiment Station in the 
Valley of Mexico during the summer of 1948. These early trials not only 
demonstrated that this disease was a limiting factor in summer (rainy season) 
potato production on the Mesa Central, but perhaps even more important, that 
there was something special about the population of races of JP. infestans 
prevalent there. Differential clones used for identification of pathogenic 
races were all severely attacked. 

By 1951 more than 30 introduced commercial varieties, described 
elsewhere as having levels of resistance up to "immunity", were tested in the 
field in Mexico and found tote completely susceptible there. On the other 
hand, a few varieties not particularly noted for resistance to^, infestans, 
were found to have an interesting, though low-level, "field resistance" to this 
pathogen, 


During these first years it was also observed that certain clones of 
Mexican wild species (e.g.Solanum demissum , S. bulbocastanum) were highly 
resistant, even though no clone of any tuber-bearing Solanum species was ever 
found to be completely free of attack. In 1953, a program was initiated to 
incorporate this "field-resistance" of the wild species into an agronomically 
acceptable potato variety that could produce a satisfactory yield without 
fungicidal protection during the rainy season. Using wild Mexican species and 
a few resistant introduced clones for a germplasm base, a breeding program was 
launched. Segregating seedling populations were annually exposed to the 
selection pressureof the late blightepiphytotic in the field. Within ten years 
more than a dozen blight-tolerant varieties had been released, a collection of 
more than 500 resistant clones had accumulated, and much of this resistant 
germplasm had been distributed to potato breeding programs throughout the 
world. 
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With the distribution of this resistant material/ interest in the Mexican 
late blight field test rose rapidly. By 1955segregating seedling populations 
were being received from several potato breeders in Europeand North America, 
and this field trial was truly international. 

Exposure in the field at Toluca provided a screen forfield resistance 
that was perhaps unequal led elsewherein the world. Monogenic hypersensitivi¬ 
ty provided little protection here. The subsequent discovery of the role of the 
sexual oospore in the annual epiphytotics explained why there was "something 
special" about the population of races of P. infestans in Mexico. And confirm¬ 
ing early observations, during 20 years of field testing of resistant materials 
from all over the world as well as Mexico, no seedling or clone of any tuber¬ 
bearing Solanum has ever been found to be immune to blight in the field at To¬ 
luca . 


As the best of the Mexican blight-resistant clones were used in other 
breeding programs, it became of critical importance to test the segregating 
generations of seedlings, not only with locally prevalent races, but to return 
the more promising selections to Mexico and identify there which clones had 
inherited the highest levels of resistance from their Mexican blight-resistant 
ancestor. This is the primary objective of the International Late Blight Field 
Trials conducted each year in the Toluca Valley in Mexico. 

During the past 20 years approximately 132,000 seedlings and 
31,954 selections have been tested for blight resistance in the field at Toluca 
for potato: breeding programs in 29 countries (Argentina, Australia, Bolivia, 
Brasil, Canada, Colombia, Costa Rica, Chile,Denmark, East Germany, Ecua¬ 
dor, England, France, Guatemala, India, Ireland, Japan, Kenya, Nether¬ 
lands, New Zealand, Pakistan, Peru, Poland, Scotland, Soviet Union, Sweden, 
Uganda, United States, West Germany). The greatest impact of the Mexican 
field test has been the inclusion of highly resistant germplasm in the major 
potato breeding programs of the world. This field test has provided the plant 
breeder, wherever he may be working, with a reliable and severe screen for 
field resistance to Phytophthora i nfestans. 

Mexico's contribution to our knowledge of late blight and its 
pathogen has not been limited to the international screeningprogram.Pionser- 
ing research has been conducted there ons (1) The sexual oospore, its genetics 
and role in the life history of the fungus; (2) the genetics of field resistance, 
(3) stability of field resistance; (4) resistance at dihaploid (24 chromosome) 
levels; and (5) sources of resistance in addition to 5. demissum. 
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As we consider the potential of the potato in the developing world, 

I wish to underline the importance of a stable late blight resistance in any 
potato variety destined for extensive cultivation in these countries where the 
small farmer rarely has the resources necessary for frequent and effective 
fungicide applications. As we arm our program to push the potato into new 
regions where its unrealized potential is so great, I stress that the Mexican 
late blight field trial has a vital and well-established role to play. 
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BREEDING FOR GOLDEN NEMATODE RESISTANCE IN THE 

UNITED STATES 

Ronald E. Anderson and Bill Brodie 
Cornell University, U.S .A. 


Nematologists first became awareof the presence of the golden ne¬ 
matode in the United States after a Long Island, New York, farmer noticed 
that potato plants were growing poorly in one pf his fields. In 1941, the 
cause of his trouble was determined to be the golden nematode (Mai, 1964). 
Surveys show that approximately 18,000 acreas have been infested in Long Is¬ 
land. In 1967 a much'smaller area of infestation was found in south-central 
New York. The newer area may havebeen initiated from viable nematodes on 
the farm equipment and seed stocks of a farmer who moved from Long Island to 
Steuben County in the mid 1940's. To date these are theonly two known a- . 
reas of infestation in the United States, 

Quarantine regulations have been promulgated to protect other po¬ 
tato growing areas in the United States from the golden nematode. Host crops 
may not be grown on land known.to be infested. Extensive yearly surveys are 
conducted to determine local spread. Movement of soil, machinery, and 
plant materials is regulated, and seed potato production is prohibited in the 
infested areas. 

The recent availability of cultivated varieties with high levels of 
resistance to the golden nematode has added a powerful tool to the overall 
control program. Highly effective soil fumigation, use of resistant varieties, 
and application of systematic nematicides have been shown to reduce the po¬ 
pulation of nematodes to very low levels. As of December 1971, treatment 
and urban development have reduced the infested area in Long island to 900 
acres and the Steuben County area to 55 acres. 

Testing for resistance to the golden nematode was begun on Long 
Island in 1947 (Mai and Peterson 1952). In these testsall varieties and seed¬ 
lings of S , tuberosum were highly susceptible, as were fifty-three of fifty-five 
wild tuber-forming species. The two exceptions wereS. vernei (Ballsi?) and 
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S. sucrense , which showed excellent resistance in three successive years of 
testing. The Balls?! material was tost when it failed tohybridizewith commer¬ 
cial varieties/ and the original S. sucrense accessions were lost because of 
virus infection. The real value of these early trials was the evolution in 1949 
of the screening procedure which remains our basic methodof determining re-' 
sistance; i.e., by counts of numbers of immature females on the roots exposed 
when the intact soil ball ofa young-potato plant, is.removed from the clay. pot. 

The identification of resistant individuals by an efficient, effective/ 
and repeatable screening procedure is critical in a program of breeding f for 
resistance. The evaluation method herein described is common to both the Long 
Island Nematode Research Laboratory and the Cornel l-USDA facility at Ithaca 
(Harrison 1968; Mai 1970), 

Soil heavily infested with Heterodera rostochiensis (40,000 larvaq/ 
150 ml of soil) is collected from the field just after potato harvest (Octobei). 
This soil is thoroughly mixed with sand in a proportion of 3parts infested .sail 
to 1 * part sterile sand. The material to be evaluated .is planted in’a 3-inch 
clay pot containing the infested soil mixture. The pots are either set directly 
on a greenhouse bench or sunk in sand in a greenhouse bench. Temperaturefn 
the greenhouse is regulated to maintain a soil temperature of 20-24°Co If ne¬ 
cessary, heating cables are used to maintain the soil temperature. Also, in 
cases where examination of the root system without disturbing the plant is de¬ 
sired, transparent plastic pots are used instead of clay pots. 

The plants are evaluated for resistance 8-10 weeks after planting. 
The immature white cysts on the outside of the root ball are counted. Those 
plants with 5 cysts or less are considered resistant and those with more than 5 
cysts are considered susceptible. In some cases, depending on the objective 
of the program, where no cysts are found on the outside of the root ball the 
roots are washed free of soil and the entire root system is examined for cysts. 

To preclude chances of escape, materialthat is rated zero (no cysts) 
in greenhouse evaluation is further evaluated in field plots heavily infested 
with H. rostochiensis . This evaluation is done in the growing season when en¬ 
vironmental conditions are most favorable for H. rostochiensis development. 
Individual tubers produce on plants that rated zero in greenhouse tests > are 
planted in a uniformily infested plot. Individual plantsare dug 10-12 weeks 
after planting and the cysts are washed from the roots and counted. The rating 
system used in greenhouse evaluations is also used In field evaluations. 
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The next cycle of breeding for nematode resistance was based on 
the resistant clone C«P,C. 1673 of S, tuberosum subsp, andigena, - identified 
by Ellenby and sent to us by Dr. Toxopeus as Fj seed. The variety -Peconic 
(Peterson and Plaisted 1966) is typical of other golden nematode resistant ma¬ 
terial in the Cornell breeding program* The pedigree for Peconic is as follows: 


Peconic 
(N UR-20) 
(NY-1) 


LNA-106 


Katahdin 


j Russet Rural 
1 1392-7 — 


^Record 

C*P*C* 1673-1 
S 0 tuberosum subsp» 
V andigena 


The family from which NY-1 was selected was grown as seedlings 
in 1957. It was grown as a 10-hill selection In'I960, having survived the 
usual nursery selection criteria as well as annual tuber indexing for golden 
nematode resistance at the Long Island Nematode Laboratory. The variety was 
released in 1966 following extensive testing for yield, specific gravity,chip - 
ping, etc*, and preliminary increase and evaluation of seed stock* Addi - 
tionally, Peconic has been tested in Newfoundland, Canada, where it was 
found to be resistant to their race of the golden nematode* 


Peconic and many other Cornell tetraploid breeding lines derive 
their resistance to the golden nematode from the subspecies andigena . Thus 
far only pathotype A has been found on the infested New York soils, and the 
andigena- type resistance has remained fully effective against this form of the 
pathogen* The use of resistant varieties in New York, together with systematic 
nematicides, and following effective chemical soil fumigation, should rou¬ 
tinely result in small residual populations of nematodes and thus decrease the 
probability of development of genetic variants capable of infecting these va¬ 
rieties* However, the recent serious and widespread outbreak of Helmintho- 
sporium leaf blight of maize in the United Statespointsup the hazard of mo¬ 
noculture, due in this instance to almost exclusive use of pne genetic source 
of cytoplasmic.male sterility. 


Andigena-type resistant potatoes are known to be susceptible to 
other pathotypes of the nematode in Western Europe, Great Britain, and Peru. 
It matters little whether these pathotypes are mutant forms arising de novo , 
admixtures of heterogeneous types responding to environmental stresses, or dif¬ 
fering introductions from a center of diversity* Natural competition for suri- 
vival may-effect either of the first two alternatives in New York* Man in his 
travels and incomplete quarantine favor the occurrence of the third* 
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The need to have alternate sources of resistance in the breeding 
program has stimulated genetic research with several of the diploid species of 
Solanum. However, the genetic analysis was primarily based on reaction to 
pathotypeA, though comparable research in other laboratories on the same 
species would infer a more broadly based resistance in some cases. Piaisted 
et al (1962) proposed a genetic model of inherited resistance in vernei in¬ 
volving dominant genes at two loci, with a dominant modifier affecting levels 
of resistance at a third locus. Momeni (1968) studied the inheritance of re¬ 
sistance to golden nematode using the diploid species S. spegazzinji, S^. neo¬ 
ha wksii , and S_. sanctae-rosae . He concluded that certain clones of both S. 
spegazzinji and S. neohawksti were resistant due to single dominant genes. 
The most resistant progeny was derived from S. sanctae-rosae, with nearly 73 
percent of the individuals completely free of cysts. However, the data would 
not distinguish between resistance conferred by one or two major genes. 

The most definitive genetic research on resistance to other races of 
the golden nematode has been that of Dr. Maria Mayer de Scurrah (1972). 
During 1970 and 1971 she tested for resistance to three indigenous populations 
of nematodes at two locations in Peru. The Solanum materials resistant in New 
York included tetrapioid tuberosums with resistance derived fromboth andige- 
na and vernei, as well as a selection of diploid vernei clones. Half of the 
diploid vernei clones showed resistance to one or moreof the Peruvian" nema¬ 
tode populations, but the tuberosum varieties were equally susceptible, indi¬ 
cating that the vernei resistance had been lost in .the back crossing procedure. 

. The .interaction of the New York breeding materials of Solanum 
species with the tigressive and diverse indigenous nematodes of Peru has 
prompted Cornell to initiate'd program designed to identify diverse sources of 
resistance, to analyze them genetical!y,and to Incorporate them into adapted 
tetrapioid breeding materials. Testing in Peru will be an integral part of this 
program, both to’assisf in the identification and genetic analysis of resistance 
as well as to insure the maintenance of level of resistance in advanced gen¬ 
erations. 


It is proposed that in the early cycles of screening for resistance, 
emphasis will be placed on diplqid Solanums, using haploid S. tuberosum ma¬ 
terial for test-crosses and as a genetic bridge to the tetrapioid materia! for 
incorporation into breeding lines. 

Sixty diploid clonal lines were used as parents in production of hy¬ 
brids in early 1972. About one-fourth'of the diploids had shown resistance in 
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both New York and Peru; the remainder are resistant in New York and un¬ 
tested elsewhere. Eighty tetraploids resistant to New York pathotype A and 
tracing to parents showing resistance in Europe were crossed to adapted varie¬ 
ties. 


We hope to be able to build a gene pool of resistance factors by 
use of inter-specific and multi-species crosses, using as parents individuals 
with total resistance to pathotype A, Seven thousand seedlings are now in the 
field, tracing to such parental clones from the diploid species verner , neo- 
ha wksii, spegazzinii, and sanctae-rosae. Other diploid species have been re¬ 
ceived from the Potato Introduction Station at Sturgeon Bay, Wisconsin, and 
they will be introduced into the program when and if resistant clones are 
identified. 


Cooperative testing with the International Potato Center will screen 
more rigorously for those individuals which are resistant to the aggressive pa- 
thotypes of the Andes. As potential breeding material is produced at either 
the diploid or tetraploid level, it will be grown for agronomic evaluation in 
both Peru and New York. Thus promising germ plasm in one location will not 
be discarded because of poor adaptation to the alternate set of growing condi¬ 
tions. 


Another facet of the breeding program which will utilize the ex¬ 
tensive Cornell collection of S. tuberosum subsp. andigena will be a search 
for general tolerance in this material comparable to the field resistance to 
late blight foundin S_. demissum . The determination of selection criteria for 
field tolerance will be the responsibility of the nematologists on the research 
team. The best clones will be intercrossed to produce material for recurrent 
cycles of selection. If this method results in quantitative differences under 
New York nematode infestations, the selected variants will be tested in Peru 
for the critical evaluation of general tolerance. 
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Already before the last World War a search for resistance to the po¬ 
tato cyst-nematode ( Heterodera rostochiensis Wollenweber) was made within 
the cultivated potato varieties of Western Europe and the U.S.A., but a.us¬ 
able degree of resistance was not found. 

The English nematologist EIlenby was the first who started looking 
for resistance in collections of wild and primitive potatoes. During quite a 
number of years he screened ..the Commonwealth Potato Collection (CPC) and 
though he used primitive methods for the detection of resistance, he demon- 
trated the existence of this highly desired property in the diploid species 
Solanum ballsii (- S. v.ernei) and' in- three lines of the tetraploid species 
S. andigenum (Ellenby, 1945). Curiously, his important findings were no^ fol¬ 
lowed up by a breeding programme in the United Kingdom. 

In 1951 Dr. Dodds, then director of the CPC, sent about 40 see^ 
of.each of the three andigenum - lines to Dr. Toxopeus then leader of the' 
Wageningen Potato Collection (WAC). Toxopeus gave^the seeds to the first 
author who confirmed the existence of the resistance, launched*a hypothesis 
oh the mode of inheritance of the resistance, and started an ambitious breed¬ 
ing programme in 1952 (Ellenby, 1952, Toxopeus & Huifsman, 1952), 

In accordance with the principles of the Foundation for Agricultur¬ 
al Plant Breeding this breeding programme aimed at the production of seeds 
from crosses between resistant and susceptible clones in which the selection 
being the task of the Dutch private breeders in which at that time more than 
a hundred participated. This system proved its effectiveness, more than ever 
and in a very short-time resistant varieties could be released. 
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Resistant CPC 1673 material exudes a hatching agent in the same 
amount as susceptible plants, and the number of larvae that invade the roots 
are of the same order of magnitude in both classes of plants* However, in 
the roots of the resistant plants most of the females are killed before they reach 
maturity and can form eggs. This leads to a reductionof the nematode popu¬ 
lation in the soil of about 80% and in pot-experiments of even more than 90%, 
This percentage of population-decrease can be used as a measure for the de¬ 
gree of resistance. 

The inheritance of this type of resistance in S. andigenum CPC 1673 
proved to be very simple: monogenic and dominant (Huijsman, 1955), 5* an¬ 
digenum a nd S. tuberosum - both tetraploids- cross very easily. 

The cross between a resistant and a susceptible plant results in a 
Isl (resistants susceptible) segregation if the resistant parent has the. simplex 
constitution and in a 5 : 1 segregation for duplex resistant parents. 

m * t r 

When a number of seedlings from a cross resistant(simplex) x sus?- 
ceptible .is taken at random, each seedling is measured for its degree of re¬ 
sistance. and the observations are condensed to a frequency-diagram, results 
such as are shown in Fig, 1 are obtained early the seedljmgs falljnto two. 
classes: the distribution-curve of the resistant class shows a small standard de¬ 
viation and the mean degree of resistance is very high. There is practically 
no overlapping between the two classes. Such distributions can be explained 
by assuming no, or at all events very little, influence of a polygenic system 
on the degree of resistance induced by the major gene for resistance. Acon- 
sequence for practical work is then that breeders can continue to backcross 
without fear of a decrease in the degree of resistance. 

The other two andigenum-sources of resistance found by Eltenby: 
CPC 1685 and CPC 1692, were eliminated from breeding work because their 
degree of resistance was too low. 

Results of breeding work with CPC 1673 

At the moment the Dutch List of Varieties contains 16 varieties with 
nematode-resistance: 9 of them are starch varieties, 6 cooking potatoes and 
one is a first - early variety. The starch varieties are especially very high- 
yielding and as a consequence their introduction did not encounter any diffi¬ 
culties. In the Dutch starch district more than 80% of the potato-acreage is 
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FIGURE 1. Frequency-distribution of the degree of resistance in an aselect 
population of seedlings of the cross Desiree (susc.) x Provita (res. 
to path. A). Initial infection:30 cysts/pot. Pathotype:A. The 
degree of resistance is measured as the number of cysts per pot at 
the end of the experiment. 
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FIGURE 2. Frequency-distribution of the degree of resistance in an aselect 
population of seedlings of the cross Arka (susc.) x (VT n ) ^62-33-3 
(res.; path. A). Initial infection: 30 cysts/pot. Pathotype:A. 
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FIGURE 3. Frequency-distribution of the degree af resistance i,n an aselect 
population of seedlings of the cross VT ‘§$^12-31 (rfes,) x KW. 
65-461 (susc.). Initial infection: 30 cysts/pot. Pathotype: A. 
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FIGURE 4; Frequency-distributioh of the degree of resistance in an aselect 
population of seedlings of the cross Sissy (susc,)x F, 4 (res,). , 
Initial infection: 30 cysts/pot. Pathotype: D. 
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covered with resistant varieties* For the Netherlands as a whole about 30% 
of the potato-acreage is under these varieties. 

The greater part of these varieties are second-back cross-seedlings: 
ATTT (A = andigenum; T — tuberosum). 

An interesting point isthat the introduction of S. andigenum in po¬ 
tato-breeding has caused an increase in yield potential ^ As this phenomenon 
is also met in crosses with other primitive and wild forms, it is certainly worth 
a careful study. 

Resistance of 5. vernei 


In order to obtain resistance to certain physiological races of He - 
terodera rostochiensis, another species is intensively used in Dutch breeding 
works vernei , a diploid species (Series XVII). In the beginning ofrthe breed¬ 
ing programme many sources of resistant vernei material were used> but-in the 
course of time practically all this material wasdiscarded with the exception of 
the progeny derived from CPC-3000(?)of which F.l -seedswere given to us by 
Dr 0 Howard(Cambridge,UK). The resistance in CPC 3000to race A (see later) 
is also governedby major genes as isobvious fromFig.2. By comparing Fig. 1 
and 2 it is seen that the mean degree of resistance of the vernei-gene is less 
than that induced by the 1673-gene but also the standard deviation of the re¬ 
sistant population is larger. There is more overlapping of the two classes, re¬ 
sistant and susceptible, compared with the andigenum-material. One could 
argue that there is a large influence of a polygenic system on the degree of re¬ 
sistance with as a consequence a much larger variation in the degree of resist¬ 
ance in the class of resistant seedlings of a cross and as a consequence a con¬ 
tinuous transition of resistance to susceptibility. 

This means that breeding for resistance with S_, vernei is a very 
complicated task. The selection of seedlings with the highest possible degree 
of resistance is difficult and when mistakes are made in this respect one may 
expect that backcross-generations which have been made with a low-resistant 
parent willpossess a disappointing distribution of the degree of resistance (Fig. 

3 ). 


The inheritance of resistance of the vernei - materioLderived from 
CPC 3000 to D-race$(see Table 1) is also not simple. When frequency-diagrams 
are made with a select population derived from the cross resistant x susceptible 
according to the methods already described, unimodal distribution curves are 
obtained (Fig. 4). Obviously polygenes have a major influence in the mode 
of inheritance of this resistance. 
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Results of breeding work with 5. vernei as a base ,, „ . ; r 

At the moment our List of Varieties (1972) includes one variety de¬ 
rived from S. vernei iAmalfy and two varieties which are available for farmers 
for practical use on a small scale: Mara and Proton. The starch-content of . 
these two varieties is exceptionally high. There are numerous very promising 
varieties competing for admittance to the^Llst of Varieties, so that it may be 
expected that in the next few years there will be an abundance,.of choice of 
varieties with resistance basedon that found inj>. vernei. Many aL'them have- 
an exceptionally high yielding capacity. 

Physiological races of the potato cyst-nematode . 

The reason why Si vernei . is used in breeding for resistance to the 
potato cyst- nematode, is that the resistance in this species protects against 
several physiological races of the parasite which can survive and multiply in 
the roots of the resistant CPC 1673 material. A survey of the'Dutch Plant 
Protection Service showed that about 80% of the infested area in the Nether¬ 
lands has the "normal 11 or A-race which can be controlled with the.andigenum- 
based varieties; the remainder has resistance-breaking races. „ 

Immediately after this discovery a breeding programme for resist¬ 
ance to these dangerous races was started. The wild diploid speciesS. kurt- 
zianum was used as a source of resistance but after some years it was found 
that the protection given by^S. kurtzianum was not enough and S_. vernei 
became the new base for our breeding,work. 

For the classification of the.races or "pathotypes" a number of.test- 
plants is used. The composition of. this test-series reflects the breeding- 
history in the Netherlands. In other European countries other test-plants are 
used. International comparison between the existing pathotypes is therefore 
difficult. The scheme used in the Netherlands today is given in Table 1. 

# 

Some of the clones in this assortment have more than one gene for 
resistance and thus are less suitable for the purpose of detecting the highest 
possible number of pathotypes with the least number of test-plants. How¬ 
ever, there^s not a better series available at the moment In our country. 

■» 

„ • _ > • 

Ross and Huijsman have demonstrated that the number of pathotypes 
increase as-more different genes;for resistanceare included in the test -series.. 
Theoretically, if n different genes for resistance are used, 2 different patho- 
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TABLE 1» Test-assortment and nomenclature of pathotypes of H. rostochiensis 
used in Netherlands, 


A B C D 


S. tuberosum - variety 
$. andigenum CPC 1673-var. 
S, lcurtzianum-hybrid 
S. vernei-hybrid OD.* 22731 
S. vernei-hbr. (VT n )^ 62-33-3 


susc 

susc 

susc 

susc 

res 

susc 

susc 

susc 

res 

res 

susc 

susc 

res 

res 

res 

susc 

res 

res 

res 

res 


* OD - DDR (Eastern Germany) 

types can be distinguished from each other (Ross & Huijsman, 1969), 

The words "pathotype 11 and “physiological race" have been used 
too easily as has been shown recently. According to English nematologists 
there are two species of the potato cyst-nematode (Trudgill & Parrott, 1971), 
One species, the norma! Heterodera rostochiensis with the colour change in 
maturing females of white via orange to brown and among other characteris¬ 
tics a relatively short mouth-spear, and another species with a colour change 
white straight to brown and a relatively long mouth - spear. 

It is obvious that in future in classifying pathotypes, first the 
species must be determined, and then within this species the pathotype. 

* Of course much research must be done before the new situation is 
sufficiently clear. However, for the Netherlands the following situation is 
likely to exist. To the true species H. rostochiensis belong the pathotypes A 
and B. In the varieties derived from CPC 1673 (S. andigenum) and in the 
variety Amalfy derived from S. vernei CPC 3000, resistance to these patho¬ 
types exists. Given two genes for resistance there must be 4 pathotypes 
present. Only two of them have been found so far. To the new species, with 
the long mouth spear,.belongs pathotype D. There is not enough material at 
our disposal to draw any conclusions about pathotype C. 

Resistance to pathotype D. is present in part of the material bred 
from 5. vernei CPC 3000. However, if plants of a resistant clone are inocu¬ 
lated with a large collection of D-races, it is observed that the degree of re¬ 
sistance varies largely: the range being* from a decrease of the initial popula- 
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tion'of about 80% to an increase of the population with a factor 2-3. 

In the case of the D-re$i$tance difficulties are encountered in the 
Netherlands. D-resistance is present in the material now already used by the 
private breeders'. The question what kind of D-cysts must be used in the offi¬ 
cial testing for resistance however is not yet solved. 

Sources of resistance 


We still hope that a better type of resistance - withoutdisturbances 
by the occurrence of new pathotypes-wi11 be found. The screening of collec¬ 
tions of wild and primitiveNbrms isan important task of our institute. It is not 
possible to maintain the collected material once it has been found susceptible. 
As 99.9% of the collected plants are susceptible, we are better off with a 
continuous stream of new material which is tested for resistance and which is 
discarded when found susceptible, than by maintaining very large numbers of 
clones, which is an expensive procedure. 

Resistance to the potato cyst - nematode has been found in the fol¬ 
lowing species: 

a) Cultivated species: 


Series XVII Tuberosum 

: S. andigenum 

(2n = 48) 

b) Wild species: 

Series XVII Tuberosum 

: S. cafamarcense 

(2n = 24) 


S. microdontum 

(2n = 24) 

i 

S. chiquidenum 

(2n = 24) 

• 

S. kurtzianum 

(2n = 24) 


S. vernei 

(2n = 24) 


S. spegazzinii 

(2n = 24) 


S. multidissectum 

(2n = 24) 


S. sparsipilum 

(2n =24) 


S. marinasense 

(2n = 24) 

• 

S. leptophyes 

(2n « 24) 


S, canasense 

(2n = 24) 

• 

S. oplocense 

(2n = 24, 48) 


S. sucrense 

(2n = 24) 

Series VI Commersoniana 

: S. chacoense 

(2n = 24) 

Series X 

: S „ acaule 

(2n = 48) 

Series XIVCuneolata 

S. infundibiliforme 

(2n - 24) 

Series XV Megistacroloba 

: S. sanctae-rosae 

(2n = 24) 


S. megistacrolobum (2n = 24) 
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The above list of course does not mean that every sample of the above mention¬ 
ed species is resistant. It is estimated that in S. ondigenum several thousand 
provenances had to be tested to find less than 5 resistant plants. Nor does the 
list mean that each resistant species has genes of resistance distinct from those 
of other species. 

The advantage of certain wild species concerning resistance to many 
pathotypes as compared with resistant varieties or breeding clones may be due 
to a loss of resistance - genes in these cultivars as a consequence of too much 
backcrossing and testing against a restricted number of cyst-samples - a task 
hampered by shortage of money and labour resources. 

To decrease this danger of loss of resistance inbreeding generations 
must be inserted between backcross generations when working with, for ex¬ 
ample, S_. vernei . 

Use of resistant varieties in the Netherlands. 

The use of resistant varieties in the Netherlands is controlled com¬ 
pletely by laws. The control of the potato cyst-nematode is based on 

a) crop - rotation 

b) resistant varieties, 

c) chemical desinfection of the soil. 

In principle these three control - measures are used in such a way that they de¬ 
crease the infestation with nematodes in the long run. Infested fields are sub- 
fectedto certain specified combinations of these control-measures. If infested 
soils decrease to a very low level of infection they are admitted to the unin¬ 
fested area and treated as such. 

i> 

Resistant potato varieties decrease the^elworm-population in the 
soil. Nothing has been said about the damage done to the potato plant by 
the parasite. Resistant varieties in general are intolerant to the.potatocyst- 
nematode; there is an important yield reduction when ithese varieties are . 
planted on highly infested fields. 

In some susceptible potato- Varieties we have found tolerance to the 
potato- cyst-nematode (Hui|sman,Klinkenberg en den Ouden,1969). An out¬ 
standing variety in this case is Multa. The tolerance-characters when grown 
on infested soils of Multa are: 
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a) a higher tolerance-limit 

b) a higher minimum yield. 

We have not succeeded until now in combining resistance and tolerance in 
one variety. 

Theuseof resistant varieties ishamperedby the occurrence of patho- 
types. Only when strong restriction-measures are taken, breeding of new 
varieties can decrease the spread of pathotypes. Tolerant varieties in them¬ 
selves offer no difficulties as concerns pathotypes; however, the spreadof the 
disease is'not checked. In countries where the parasite has spread uniformly 
and where it is not possible to impose strong restrictions on farmers, breeding 
for tolerance might b‘e a better aim -than breeding for resistance. 

A worjd wide programme could help the breeding of varieties in 
which resistance and tolerance are combined. If our programme would be 
helpful, we certainly are willing to participate in such actions. 
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VARIABILITY IN HETERODERA ATTACKING 
THE POTATO IN PERU 

Maria M, de Scurrah 
CIP, La Molina, Peru 


Resistance agains the potato nematode, Heterodera rostochiensis , 
was first found in S_. vernei and S, andigenum in 1952 (2,7). The Andigena 
clone 1875 from the Commonwealth .Potato Collection was found to be most, 
useful for breeding purposes as its resistance is * inherited as a single domi¬ 
nant gene, called gene HIIn 1956 and 1957 Dunnet (1) in Scotland and 
Quevedo, Simon and Toxeopus (9) in Peru found that plants containing this 
resistance were susceptible when tested with nematode populations from both 
these countries. These nematodes populations were called "aggressive 11 and 
gene HI was used to differentiate aggressive and non-aggressive populations. 
Further testing, however, showed that the aggressive types were not uniform 
and differed in their ability to attack different Sojanum hosts. 

In Britain and Holland the nematodes were classified as shown in 

Table 1. 


Guile (3) discovered that the females of these nematodes, which 
can be seen with the naked eye when they swell outside the root during matu¬ 
ration, differed in their chromogenesis during development. Pathotype "A" 
went through a prolonged golden yellow stage, hence the name "Golden Ne¬ 
matode” given by Chitwood. Pathotypes "B" and "EV remained white or 
creamy until they were fully mature, when they all turned brown. Further 
studies showed even more differences between these pathotypes. Second stage 
larvae of pathotype "A” have shorter stylets, shorter body length and shorter 
distances between their median bulbs and excretory pores than pathotypes "B" 
and "E" (10). Also it was found that hardly any cross-fertilizing occurs bet¬ 
ween pathotypes. Thus, Jones et a! at the Rothamsted Station proposed to call 
the aggressive white types a new species (5). 

Studies by Ross and Huifsman (10) showed that a great variation 
existed within the aggressive and non-aggressive types. Each nematode popu- 
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TABLE 1. European classifications of Heterodera rostochiensis, (Woll.) patho- 
types.' 


Pathotype 

Dutch Classification * 

S. tuberosum ssp: 

tuberosum andigena S. kurtzianum 

S* vernei 

A 

+ 



— 

AB 

+ 


- 

- 

AC 

+ 

mm 

+ 

- 

ABC 

+ 


+ 

- 

ABD 

+ 

+ 

- 

+ 

ABCD 

+ 

+ 

+ 

+ 



British Classification ** 

Ex-multi- 

Combining 

Pathotype 

S. tuberosum 

Ex-andigena 

dissectum 

both genes 

A 

+ 




B 

+ 

+ 

tm 

- 

E 

+ 

+ 

+ 

+ 


* Huijsman, 1962 (5) 

** Jones and Parrot, 1965 (7). 


lation had a distinctive host range and thus could be differentiated from all 
others. 


Ross and Huifsman assigned a level of aggresslvity to each popula¬ 
tion. For breeding purposes, they found that the moreaggressivethe nematode 
population the more suitable for testing in breeding programs it was, since a 
host resistant to a more aggressive type was likely to be resistant to a less- 
aggresive type. They also confirmed that the females which turned yellow 
were less aggressive and could be differentiated by their morphometries; that 
is by their smaller stylets and smaller distances from median bulb to excretory 
pore. ' 


The potato cyst^nematode has been found throughout Irhe Andes Qf 
Peru and in some areas in densities as high as 350 cyst^ 100 gms. of soil. It 
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is one of the main causes of small tuber yield and size in’ the Andean potato 
growing region* it is thought that this nematode evolved hereand was taken 
to Europe in the nineteenth century* 

It is therefore extremely interesting to see what variability of the 
potato cyst nematode is found in the Andes, compared to the European and 
North American types, and also to see what sources of resistance can be found 
for the Peruvian types and to check out if these are useful elsewhere* 

The work presented here Is preliminary, having begun in 1971. 

Three populations of nematodes were selected initially because of 
their geographical separation. These were field populations near Otuzco,' 
Huancayo and Cuzco, Some work has also been done with populations from 
Puno and Arequipa which were collected by lng» Javier Franco and sent to Dr. 
J. Kort in Wagen ingen, Holland. The first group of nematodes were also sent 
to Dr. H* Ross in KSiln. 

Table 2 shows that the nematodes collected in Huancayo and Otuz- 
co are extremely aggressive, overcomingthe resistance in all these lines* The 
population collected in Cuzco, however, was not able to overcome the resis¬ 
tance in 5 of these lines. Three lines were bred from resistant vernei , one 
from S_* spegazzinii and one from S^. oplocense* 

Table 3 shows tests performed in Europe with nematode populations 
sent from Peru* J5. verne? c lones 58.1643/4 and 62*33.3 are used in Holland 
to differentiate between Pathotype "D” and "E". 

Resistance was found when testing with some of the populations. 
Again, Otuzco is extremely aggressive, as is Puno. According to the Dutch 
classification, Otuzco, Puno and Cuzco would be some kind of pathotype "E". 
Huancayo would be a mixture of "D" and 11 E n ,Arequipa was not able to over¬ 
come the resistance of S_. andigenum nor vernei clone-62.33*3, and there¬ 
fore did not fit with the formal classification. Clone 62.33.3 seems to con¬ 
tain a higher level ofresistance as it withstood the attack of three populations. 

It seems that the nematode populations found in the Andes do not 
fit easily into the present system of classification and that we may have to de¬ 
velop different tester-plants to find more accurately the extent of the varia¬ 
bility and aggressivity of the native nematode populations. 
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TABLE 2. Susceptibility of resistant tetraploid clones from theU.S. and 
Europe tested to three populations of Peruvian nematodes. 


Source of 
Resistance 

Source of Inocuia 

Clone Huancayo Otuzco 

Cuzco 

ExtS . andigena 

Peconic (U.S .A.) 

+ 

+ 

' + 


Saturna (H) 

+ 

+ 

+ 

Ex-S. vernei 

NY-24 (U.S.A.) 

. + 

+ 

2 

+ 


GLKS (H) 

+ 

+ 

4* 

• 

65-346/9 (G) 

+ 

' + 

+ 


65-346/19 (G) 

+ ' 

+ 

+ 

• 

66-1001/2 (G) 

+. 

. +. 

- 


66-1003/42 (G) 

+ v 

+ 

- 


66-1004/11 (G) 

•+ 

+ 

- 


66-1004/19 (G) 

+ 

• + 

+ 


67-64/1 (G) _ 

+ 

+ ‘ 

+ 

Ex-S. spegazzinii 

64-953/74 (G) 

+ 

. + 

Ml 

Ex-S. oplocense 

67-57-3 (G) ■ 

+ 

+ 



- Resistant 
Susceptible 

More than 5 but less than 20 


H Material from Holland 
G Material from Germany 
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TABLE 3. Clones tested-in-Europe with Peruvian nematodes.-. 


Source of Resistance 

,. 

- 

Source of Inocula 


~ Cuzco 

Otuzco Huancayo Paucart. Chincheros 

Puno Areq. 

S. andigenum- ■ - 

+ 

+ 

+ + 

+ 

S. vernei 58.164^/4 

+ 

+ 

+ + 

+ + 

62.33.3 

± 

- 

+ — 

+ 

66.1001.26 

+ 

+ 



So kuftzianum 60.21 . 

19 + 

- 

“)r + 

+ + 

S. oplocense 1111. 

+ 

+ 

• 

• 


Tested by Dr. H. Ross (1) in Gerrhahy and Dr. J. Kort (persona! communica¬ 
tion to J. Franco) in Holland. 


TABLE 4. Parameter means of larvae measurements from Huancayo, Otuzco, 
Cuzco and Britain (given in microns)..• 


Source of ,larvae _._ 

England* 

Huancayo - Otuzco Cuzco Pathotype Pathotype 
• ' A E 


Stylet length . 23.0+3.30:, 22,,;5+].;.4 '23,4+1.6 T9.8+1.5 21.8+0,1 

Dist.median valves 

to excretory-pore 38.4+1.8 37.4+2.2 ^37,4±1.5 32.3+0.3 .36.9+1.2 

Body length 513.4+6.3 493.1+1+4.8 502.7+5.2 4&. 1+2.3 488.7+1.4 


* Webley, 1070(13, p; 108) 

Number of larvae measured: Huancayo and Otuzco 40, .Cuzco 30. * 
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To further illustrate this point, comparison of morphometric measure' 
ments can be seen in Table 4. 

All three populations of nematodes are closer to pathotype "E" than 
"A" in all three parameters; but the variation is very great 0 This is probably 
an indication that the field populations used were mixed pathotypes. 

In order to do a more in depth study, single cyst studies, color dif¬ 
ference and morphometric measurement studies are underway to help clear up 
this situation. 

From a more practical point of view, we are mainly interested, not 
in how many pathotypes we have, but in whether we can find a broadly-based 
resistance that can be used to breed varieties resistant not only to the Peruvian 
pathotypes but also against other potato nematode populations in the potato 
growing oreas of the world. As we have previously shown, all the existing 
tetraploids breeding lines were susceptible to at least two of the three popula¬ 
tions. 


Since it was discovered that andigenum CPC. 1673isonly resist¬ 
ant to pathotype "A 11 , there has been a continuous search for resistance to 
more aggressive pathotypes among wild potato relatives. Quite a few have 
been found to have resistance. Some of those more often used in breeding 
programs are: S^. kurtzianum , S_. spegazzinii , oplocense and S. verne? . 
These species have been used to derive resistant lines. , In general, S. vernei 
was found to be one of the most resistant species withstanding the attack of 
most nematode populations found in Europe. All these species, however, are 
difficult to breed with, as they are diploid plants and.their resistance often is 
due to polygenes which are easily lost when crossing to a susceptible tetra- 
ploid. To illustrate this point: a genetic study by Piaisted and Peterson (8) 
at the diploid level with vernei showed at least two loci for resistance and 
a third one affecting the level of resistance. After two back crosses with te- 
traploid varieties all the selected resistant lines were found to have retained 
only one main gene for resistance (10). Selection was conducted with patho¬ 
type "A". When these resistant lines were tested in Peru they were found to 
be susceptible: hence the importance of testing with aggressive pathotypes to 
insure that more factors .for resistance are being retained at each back cross. 
Diploid material used as parental material for their resistance was also tested 
as it was of great interest to see how resistant these clones were prior to back- 
crossing. The results are summarized in Table 5. 
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TABLE 5« Number of' diploid clones which were resistant to nematodes from 
Huancayo, Otuzco and Cuzco. _ ; ' 



- 

. i 

N° of Resistant. Clones 


Source of N 

° of Clones* 

Huancayo 

Otuzco . 

.Cuzco 

Resistance 

T ested 

inoculum 

Inoculum 

t. 

Inoculum 

S. vernei 

18 

2 

2' " ’ ’ 

9 

S. spegazzinii 

20 

2 

2 

6 

So neohawkesii 

4 

0 

0 

•2 ■ ■ 

S. sanctae-rosae 

^ . 

» r * 

5 . ’ . 

_2 

‘ J_‘ ‘ 



47 

6 

5 

18 . 


More cases of resistance were found in the diploid lines than in the 
tetraploid lines. However, only one of these 47 clones was resistant to all 
three populations. This was a clone of S. sancfas rosae° Tbfs species presents 
sterility and adaptation problems, so it will take hard work to use it as a 
source of resistance. ^ In general, we believe that by crossingbetween.dif- 
ferent Solanum species which contain resistance one couldj^btain a broad re¬ 
sistance, and by testing with aggressive races it should be possible to retain 
these resistant genes after two or three back crosses. * -* 

Another approach to.finding resistance, taken by the Peruvian Na¬ 
tional Potato Program under Ing. Franco, was to test the germplasm collection 
from the National Potato Program in search for good resistance in a cultivated 
variety. This work has had some obstacles and thus the'results are"not clear. 
-There, are a few promising selections but further testing is needed before we 
-can .trust this data. It has become clear thdt resistance is not found often 
amongst these varieties and that the search'will have to be thorough. An 
interesting sideline is that Howard and Cole have recently found a resistance 
to pathotype "E" in S. andigenum clone in England.'- 

In summary, there seems to be more variability in Peruvian popula¬ 
tions of the Heterodera than in Europe and the U.S.A. No nematode- popula¬ 
tion that behaves like pathotype "A" was found. 





179 


MARIA M.j de SCURRAH 

There exists variability both within the potato cyst nematode and 
within wild and cultivated -potatoes in Peru, providing good material for the 
search and development of better resistant varieties. 
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MEJORAMIENTO DE LA PAPA EN ALEMAN IA PARA RESISTENCIA 
A LAS DOS ESPECIES DE NEMATODE DEL QUISTE 


Hans Ross 

Institute Max-Planck para Investigaciones de Fitomeforamiento 

Seccion Straub, CoJonia-Vogelsang, Republica Federal 

de Alemania 

Para aquellas personas dedicadasa investigaciones de nematodes de 
quisle eh papa, es una experiencia estimulante el estar aqut en. La Molina, 
donde en 1956 Quevedo, Simon y Toxopeus (6) informcfron que existian pato-‘ 
tipos de este nematode que se sobreponian a la resistencia regida por el gene 
Hi de plantas ex-andigena C.P.C. 1673. Los investigadores holandeses van 
der Loan y Huifsman (5) obtuvieron los-mismos resultados con una poblacion 
colectada en Huancayo. 

Ahora sabemos que estos aufores no estaban trabafando con pobla- 
ciones de Heterodera rostochiensis, sino con otra especie aun no descrita de 
este nematode. 

Sin embargo, pasaron muchos anos antes de tener conocimiento de 
que el nematode del quiste en papa existfa en dos especies. En 1966 Guile 
en Aberystwyth (3) dio un paso hacia esta realizacion cuando descgbrio que 
poblaciones de nematodes se diferenciaban en la secuencia de la coloracion 
durante el desarrollo del quiste hacia su madurez, en la cual todps las hem- 
bras maduras ("quistes") alcanzan un color marron. En la mayoria de pobla¬ 
ciones europeas, las hembras pasan por una prolongada etapade coloramqril 16 
dorado al desarrollarse en quistes, pero en poblaciones variantes, en esta 
etapa son blqncas y cremosas. Mediciones comparqtivas del largo del estilete 
y de'otros puntos diferentes en el cuerpo del nematode fueron hechas en la 
estacion de Rothamsted y en el Institute de Max-Planck en Golonia, 

En el Cuadro 1, tornado de investigaciones del Ir. Bouwman y yo 
(1 - en esa publicacion citamos mas literatura) se muestra la situacion ac¬ 
tual. Quince poblaciones de varios paises europeos como tambien de India y 
Peru fueron estudiadas para deferminar el color principal de la hembra, pato- 
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CUADRO 1. Color de hembras en desarrolio , medidas morfometricas de las 
clones diferenciales. 


Poblaciones 

Color principal 
de la hembra 
en desarrol lo 

is 

Largo del 
Estilete 

Distancia: de 
nodulos basales de! 
estilete hasta el 
terminal anterior 
de la larva 

Variedad 

Susceptible 

So tuberosum 

Neersen 

d 

20.2 

23.8 

+ 

Mierenbos 

d 

20.9 

22.9 

+ 

Hohenrled 

d . 

21.2 

22.2 

+ 

Obersteinbach 

d 

20.9 

23.6 

+ 

Pont 

d 

20.7 

22.8 

+ 

Harmerz 

d 

21.4 

23.1 

+ 

promedio 


20.9+ 0. 

19 23.1 + 0.16 


Duddingston 

c 

21.7 

23.1 

+ ■ .. 

Frenswegen 

b 

21.6 

25.3 

+ 

P2-4 

b 

21.9 

24.3 

+ 

MBB 

b 

22.1 

25.2 

+ 

Huancayo 

c 

23.2 

25.5 

+ 

Cuzco 

b 

23.4 

25.5 

+ 

NUgiris 

b 

21.9 

25.0 

+' 

Chavornay 

C 

22.4 

25.7 

+ 

Otuzco 

b 

22.5 

• 25.9 


promedio 


23.3 + 0.21 25.1 + 0.29 



d‘— dorado; C - crema; b = bianco; + — 16 o mas quisles; - - 0-5 qulstes; 
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J.arvas y patogenicidad de 15 poblaciones del nematode de! quisle en papas en 


Variedad 

Retrocruce, 

Retrocruce 

Retrocruce 

Resistente ex- 

S. tuberosum 

S. tuberosum 

S. tuberosum 

S. andigena CPC 

con ex-S.spega- 

con ex-S. vernei 

con ex- S. 

1673/ gene HI 

zzinii, gene Fb 

Ifnea 6041 

op lo cense 


t 


- 

- 


- 

+' • 

V * 

- 

- 

• 

- 

+ 


- 

- 


- 

■ +~. 


_ 

% 




+ 

+ 



- 


+ 

+ 






- 

+ 

' + 



+ 


- 

+ 

+ 



+ 


+ 







— 

+ 

+ 

- 


+ 


- 

+ . 






• - 

. + 

+ 



+ 



+ 

/ 

+ 

4 • 


+ ‘ 


+ 

+ 

\ + 



+ 

* , 

+ 


+ = 6-16 quistes. 
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genicidad y morfometrfa. Las pobiaciones peruanas fueron generosamente en- 
viadas-por el Ing. Javier Franco Ponce. 

Se puede observar que las pobiaciones con la fase dorado farga, 
tienen las mediciones mas cortas que los tlpos con hem bras de fase bianca y 
crema. Estas diferencias son, sin embargo, pequenas. 

Las diferencias en patogenicidad son muy imporfantes ymuchos pun- 
tos oscuros referentes a las relaciones entre pobiaciones y genes resistentes se 
han aclarado; ahorase pueden emprender cruzamientos para resistencia con me- 
jor comprension y planificacion, 

Hemos encontrado que generalmente los genes de resistencia a H. 
rostochiensis sensu sfrictu, en especies si Ivestres, son mas numerosos que Tos 
genes que reducen la formacion de quisles en los tipos cremosos o blancos. 

Por lo menos se ha encontrado un gene que dlferencia entre los fl- 
pos dorados y blancos, este es e! gene Fb de^S. spegazzinli (antes S. fama- 
tlnae ). Muchas otrasespeciesde Solanum entrelas plantas hospederas tambien 
diferenctan los dos tlpos, pero los genes aun no han sldo caracterizados. 

Pero aun esto no fue suficiente fustificacion para la separacion del 
nematode en dos especies. Otro aspecto fue, como-'demostraron■ Trudgill y 
Carpenter (11), que los patrones cromatograficos de protefnas diferenciaban 
los dos tipos, pero aun en forma mas convincente, Ir. Bouwman demostro en 
CoJonla que cruces entre nematodes de pobiaciones distintas'en'sB 3 c'olor no 
daban origen a huevos fertifes. Bouwman infecto lasraices de pequenas plan- 
fas con pares de larvas; una de una poblaclon dorada y la otra de una pobia- 
cion bianca. La formacion de quistes demostraba que la copulacion habfa o- 
currido. Cada quisle fue puesto con una planta susceptible, pero no se forma- 
ron nuevos quisles, demos! rando <jue fos huevos eran esteriles. Por otro lado 
la ferfilizackon entre diferentes pobiaciones dorados o entre. diferentes blan- 
cas sf producfan quisles fertiles. 

Es por esto que ahora es claro que existen dos especies. La des- 
cripcion de la nueva especie la esta preparando el-Dr. Stone de-.Ro’thamsted, 
y sera publicada en Nematologlca Vol. 18, N°4, a fines de este ano. 

El Cuadro 2 muestra la dfstribucron de las dos especies segun traba- 
jos realizados en Rothamsted y Colonia. Ambas especies fueron halladas en la 
mayorfa de los pafses europeos. En India solo se ha encontrado la especte 
nueva, mienfras que los EE.UU. de Ni^A. hospeda hasta la fecha solamente 
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H, rostochiensis. Respecto a America Central y Sur, colecciones de Panama, 
Venezuela y Bolivia resulfardn pertenecer a H. rostochiensis mientras las ; tres 
colecciones del Peru pertenecidn a la nueva especie. informacion detallada 
de la distribucion de ambas especies por el mundo esdeficiente. Sin embargo, 
serfa imprudente restringir el programa de fitomejoramiento a una sola espe¬ 
cie, en un pats donde hasfra la fecha, solamente se haya encontradoupa ospe- 
cie, Como es ya generaimente conocido, la expansion de las comunicaciones 
tiende a distribuir todo tipo de parasitos rapidamente .alrededor del mundo , 
siendo la adecuacion al nuevo ambiente el factor limitante para el estableci- 
miento del parasito. E$, sin embargo, casi seguro que ambas especies pueden 
vivir dondequiera que se cultiven papas. 

CUADRO 2. La ocurrencia de ambas especies de nematodes de acuerdo a in- 
vestigaciones en Rothamsted y Colonia. 



H. rostochiensis 

Species nova 

Republics Federal de Alemania 

+ 

+ (muy pocos) 

Republica Democratica Alemana 

+ 

+ (muy pocos) 

Holanda 

+ 

+ 

Noruega 

+ 

+ (pocos) 

Islandia(l) 

+ 


Gran Bretarta 

- + 

+ 

Suiza 

+ 

+ 

Italia 


+ 

Grecia 

+ 


India 


+ 

Canada 

+ 


E.E.U.U. deN.A. 

+ 


Panama 

+ 


Venezuela 

+ 


Peru 


+ 

Bolivia 

+ 



(1) Comunicacion persona! de Einar J. Sigeirsson. 

Ahora debemos considerar la obtencion de varledades resistentes 
al nematode. La'sltuacion general es cotno sigue: En primer lugar, ambas 
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especies puedenser subdivididasen patofipos de patogenicidad distinta. .Mu- 
chos genes presentes .en especies silvestres reducen hasta cierfo punto la for- 
macion de quistes de ambas especies. Hasta el momento no se ha encontrado 
ningun gene que' pueda - reducir hasta cerca de cero el numero : de quistes. 
de todos los patotipos. Sin embargo / estonoquieredecir que tal gene lio po- 
drfa existir. La busqueda entre especies silvestres y primitivas sig¥e siendo. 
una tarea muy importante para el futuro. 

* / - 

Pienso que esta tarea es especialmente apropiada para el Centro 
Internacional de la Papa, ya que el banco de genes del Centro puede,proveer 
el material y todos los pafses que cultivan papas en el mundo podrfan aprove- 
char de los resultados de este proyecto. 

, r 

Mientras una resistencia general no sea disponible, tenemos que 
considerar la accion'de los genes presentes que existen en el mundo qnilas 
Ifheas de cruce con respecto a las diferentes poblaciones de las dosespecies. 

Casi todas las variedades resistentes de Europa y Norte America 
poseen el .gene mayor Hi de S. andigena C.P.C. 1673, un cultivarAndino 
de la region de La !Paz. El Cuadro-1 demuestra que la accion. de este gene mo 
es muy amplio. Aunque sigue siendo cierto que reduce la formacion dequis- 
tes de una gran mayoria de poblaciones de H. rostochiensis en Europa, otras 
poblaciones de H. rostochiensis pueden veneer la efectividad de este gene... 

Una accion mas amplia puede ser atribufda a! gene Fb de ex-S. 
spegazzinii, ya que ninguna poblaclon de H. rostochiensis pudo sobrepasar 
esta resistencia hasta la fecha (1,7,8). Hfbridos retrocruzados estan ahora 
muy avanzados. Algunas Ifneas han entrado a ensayos de variedadesy aon 
toda seguridad apareceran como variedades dentro de un tiempo. Sin embar¬ 
go, no se ha encontrado resistencia. contra, la especie nueva. 

Otra especie,_S. vernei , tambien es importante enelmejpramiento., 
para resistencia a este nematode. Se esta usando esta fuente de resistencia en 
Holanda, Gran Bretana, E.E.U.U. de N.A. y Alemania. No hay dudaquei 
So- vernp? contiene genes mayores equivalenfes a los ya mencionados - ver 
tambien Hui|sman (4) y Scurrah (10) 0 Las segregaciones geneticas en mi ma¬ 
terial han sldo muy complicadas y a la vez enigmaticas. Ahora pienso que 
con las siguientes suposiciones, aclaro lo referente a la naturaleza .deresta 
resistencia: ... . i 

1. Existen genes principaies que actuan principalmente contra H. rostochi — 
■ ensjs y otros que actuan pri.ncipalmente, contra 5 " 1 a feqspe cie - nuevai El~ 
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primer grupo de genes, sin embargo, tambien influye en la formacion de 
quistes de la nueva especie y el segundo grupo vice-versa, 

2„ No se puede esperar que todos los distintos genesmayores reduz can el 
numero de quistes a cero o casi cero 0 y Fb son genes de este tipo 
con efectividad muy alta, Pero en S. vernei y 'otras especies silvestres 
encontre claramente genes segregantes que permitian una formacion pro- 
medio de quistes de 5-10 y no de 0,1, 6 2 en el "metodo de evaluacion 11 
de rafces en maceta volteada (8)« Estos pueden con si derarse genes de¬ 
biles. 

3. Existen polygenes para resistencia, Aunque el nivel de resistencia esta 
controlado principalmente por genes mayores, los polygenes efercen cier- 
ta influencia en la formacion del quiste con una direccion positiva o ne- 
gativa, Asf en el caso deun gen "debiP'pararesistencia, solamente aque- 
llas pocas plantulas que estan acompanadas por polygenes favorabies, 
muestran una reduccion de quistes hasta un nivel necesario, 

^Que es necesario? En Alemania, Holanda y otros pafses una va- 
riedad es considerada resistente cuando una vezpasado el cu!tivo;el nume¬ 
ro de huevos y larvas que sobreviven en el suelo es reducido a un nivel mas 
bajo que al sembrar cualquier otro cultivo nohospedero que no sea papa. Sin 
embargo, esto solo sucede cuando una variedad muestra de 0 a 3 quistes en 
el metodo de evaluacion en maceta volteada ("root ball"), 

En S. vernei solamente he hallado genes mayores contra H,. rosto- 
chiensis, Algunos de estos genes son muy efectivos reduciendo el numero de 
quistes a casi cero, Elios efercen un efectoadicional sobre algunas poblacio- 
nes de la especie nueva, pero este efecto estan debilquerara vez se encuen- 
tra un-segregante provenfente de un retrocruce con 0 a 3 quistes * Un segre¬ 
gate con esa caracterfstica debe entonces poseerpolygenes favorables acom- 
panantes, 

Generalmente lo mismo tambien es cterto para hfbridos de S, oplo - 
cense» Los experimentos demuestran que es posible que S, oplocense oonten- 
ga genes con una accidn principal contra la nueva especie, pero estos genes 
tienen solamente una efectividad debil, ya que se obtienen muy pocos segre¬ 
gantes con menos de 3 quistes, 

Hemos probado las reacciones demis Ifneas de cruzamiento con las 
tres poblaciones peruanas de la especie nueva, Estas pobfaciones se encuen- 
tran entre las que poseen el mayor grado de.agresividad, y la unica que mos- 
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tro resisfencia contra fodas las poblaciones fue un retrocruce 1786 de S.oplo- 
cense x S. -tuberosum, pero ocurren muy pocossegregantes con. un niveTde’re- 
sistencia tan alto. Es por esto que S. vemei y S. oplocense no son muy sa- 
tisfactoriascomo fuentes de reslstencia. 

Hay que fomar un nuevo enfoque. Debemos encontrar un gene que 
actue principalmente contra la especie nueva y que tenga una efectividad 
fuerfe. Dunnett (2) fue el primero en descubrir un gene contra esta especie 
en $. multidissectum . Este gene H 2 no impedia el establecimiento de H. ros- 
fochiensis, pero fue efectivo contra poblaciones como Ja de Dudding'ston la 
cual ahora sabemos pertenece a la especie nueva. Este gene H 2 , sin embargo, 
esmuydebil y poco efectivo contra la mayoria de poblaciones de la,nueva 
especie y debemos buscar en otros lugares, 

Huifsman y yo en 1969 (9) publicamos nuestros resultados referenfes 
a las reacciones de 63 especies silvestres, de mas de 200 lugares de origen, 
contra poblaciones de H. rostochiensis y de la especie nueva. Este trabafo 
nos puede guiar hacia donde seria mas util la busqueda de genes resistentes 
mas efectivos contra la especie nueva. Encontramos que las siguientes espe¬ 
cies fenian el tipo de reaccion de S. multidissectum : S. bukasovii , S. cana - 
sense , S. gandarillas?? , S. gourlayi, S, rechei, S. sandemanii y S. sparsipi- 
lumT Otra especie no* descrifa hasta"Tioy puede ser anadida. ET"llng° Pedro 
Lopez y yo la coleccionamos en el valle de Churfn cerca de Lamacancha, 
Peru. 


Peru es especialmente apropiado para buscar y mejorar la resisten- 
cia en papas contra la nueva especie de Heterodera, porque las 3 poblaciones 
peruanas son las mas agresivas que conocemos. Todas las liheas resistentes a 
estas poblaciones tambien Jo son hasta cierto grado a otras poblaciones de la 
nueva especie, 

El trabafo del Centro en resisfencia a nemafcsde, es por esto, de 
gran interes para Jos meforadores de papa, dondequiera que trabajen.' Espero 
que el Centro sea fructiTero en su farea para el beneficio de mucha gente. 
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PROGRESOS EN LA SELECCION DE RESISTENCIA A 
LA MARCHITEZ BACTERIANA EN EL PERU 

IsofasA. Herrera Martinelli 
Ministerio de Agricultura, Peru 


La enfermedad de la marchitez bacteriana ( Pseudomonassolanaceo- 
rum) esta causando considerables dafios a cultivos de papa en la zonanorte del 
Peru, y constituye una grave amenaza para el futuro del cultivo en el pais. 

Un programa para seleccionar clones con altos niveles de resistencb 
y la utilizacion de ellosenun programa de meforamiento fue iniciado en 1970. 
Aproximadamente 950 clones han sido evaluados bafo condiciones de campo, 
540 de los cualesproceden de la colecciondel Banco de Germoplasma del CIP- 
Programa Nacional dePapa y los otros 410 consisten de_S. phure|a ,hrbridosde 
S. phureja x S. tuberosum e hibridos de (^. phureja x Sj tuberosum )xS. tube - 
rosum del programa internacional de meforamiento para esta enfermedad de la 
Universidad de Wisconsin (que tuvo susinicios en cooperacion con el ICA de 
Colombia), que ahora se realiza en coordinacion con el C1P*. 

La investigacion seha venido conduciendo enun terrenonaturalmen- 
te infestado, ubicado en la localidad de Huambos (Departamento deCaf amar- 
ca) a 2,350 m.s.n.m. El procedimiento empleado y la resistenciaencontrada 
se dan a conocer en el presente trabajo. 

La siembra del material se hizo en forma randomizada, empleandose 
el disefto Block Completamente Randomizado con 6 repeticiones y en dos epo- 
cas del aPio. 

La evaluacion del material se efectuo en base a la sintomatologia 
que desarrollaron las plan tas en el transcurso desu perfodo vegetativo. Se e- 
fectuaron 5 calificaciones: 3 durante el desarrollo vegetativo, 1 al momento de 
la cosecha y una ultima 20 dfas despues de cosechado el material. 

La seleccion para resistencia se hizo en baseal total de plantaspor 
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CUADRO 1. Clones de papa del programa de Wisconsin que no mostraron 
infeccion en tres campafias. 


Clones 

Or i gen 

E - 88 

6-11 

A - 1 

8-34 

BR 60 - 54 (4)* 

ICA - Purace x 8 - 14 

BR 61 - 5 (5) 

ICA - Purace x A b 1 

BR 62 - 3 (2)+ 

BR 62 - 5 (2)+ 

Atzimba x 8 - 9 

BR 63 - 3 (3) 

BR 63 - 60 (4) 

BR 63 - 65 (1)+ 

BR 63 - 70 (4) 

BR 63 - 74 (3)+ 

BR 63 - 75 

BR 63 - 76 (2)+ 

BR 63 - 82 (4) 

BR 63 - 96 (4) 

Atzimba x A - 1 

BR 65 - 5 (4) 

Greta x V - 7 

BR 66 - 3 (5) 

59 - 908 - 22 x 3 - 7 

BR 69 - 24 (5) 


BR 69 - 32 

BR 69 - 50 (3) 

BR 69 - 84 (3)+ 

Anita x A - 1 

BR 73 - 4 (3)+ 

Anita x T - 2 


* Grado de resistencia o P. infestans Toluca, Mexico (1 Resistente, 5 suscep¬ 
tible) dados entre parentesis. 

+ Clones que han sido seleccionados en Colombia. 
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cion que permanecieron libres de infeccion; los clones seleccionados fueron 
puestos en observacion hastasu ingresoa la proximo campafia. Clones que de- 
sarrollaron sfntomas durante este perfodo de observacion fueron eliminados. 
Se hanobtenido 24 clones sin infeccion a! termino de 3 campaPSas consecutivas. 
Se presentan estos clones del programa de meforamiento de Wisconsin en el 
Cuadro 1. 






SELECCION Y MULTIPLICACION DE VARIEDADES DE PAPA CON 
RESISTENCIA A "DORMIDERA" (Pseudomonas solanacearum 
E.F. Smith) EN COLOMBIA 


Edmundo Perez M., Nelson Estrada R. y Luis A, Vardn 
Instituto Colombiano Agropecuario ICA - Bogota, Colombia 


En Colombia se siembran unas 100,000 hectareas de papa, en su 
mayorfa en zonas altas (2,600-3,500 m.s.n.m.), pero tambiense cultiva en 
alturas inferiores, llegando a sembrarse entre 1,500 y 1,800 m,s<,n»m, en cli- 
mas cafeteros de 17 a 21°C. Se estima que en estas zonas se cultiva un 10% 
de la produccion nacional y es en estos sitios en donde persiste el problema 
de la enfermedad bacteriana conocida por los agricultores Colombianos con 
el nombre de "dormidera", causada por Pseudomonas solanacearum , 

Ramon Mejia Franco habla de "dormidera" desde 1939, quien la 
observe en Antioqufa, pero los estragos mayores que se presentaron fueron por 
los afios 1959 a 1961, cuando se iniciaba la multiplica cion y distribucion de 
la primera variedad obtenida por el Programa de Papa con el nombre de Dia- 
col Monserrate. Fue en esta epoca en que se presento esta enfermedad en 
forma grave y alarmante, especialmente en cultivos de multiplicacion en los 
cuales se habia cortado la semilla para aumentar rapidamente el material. 
Pero al detectarse la endemia, se freno su distribucion. 

En la actualidad, debido a una rotacion de cultivos y uso de semi¬ 
lla entera, en los terrenos en que se presento, la bacteria ha desaparecido y 
se puede decir que en la Sabana de Bogota (que se encuentra a 2,640 m,s,n. 
m, y una temperatura promedio de 13.8°C) no hay dormidera e igualmente se 
puede afirmar para las zonas paperas que sobrepasan esta altura, las cuales 
constituyen la mayorfa de los suelos dedicados al cultivo de la papa Q En vis¬ 
ta de la situacion anterior, H.D. Thurston, Director del Programa de Papa de 
ese entonces (1965), junto con sus colaboradores iniciaton una prueba detodo 
el material de la Coleccion Central Colombiana (CCC) que constaba de 1061 
cultivares pertenecientes a las especies Solanum tuberosum sp, andigena,5o- 
lanum tuberosum sp. tuberosa , Solanum phureja , algunos hfbridos de Solanum 
tuberosum x Solanum andigena y algunas especies silvestres . 
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Estos trabajos se llevaron a cabo en los invernaderos del Centro 
Nacional de I nvestiga clones Agropecuarias de Tibaitata con una temperatura 
promedio de 17.5°C. El metodo usado fue de inoculacion con jeringa y las 
lecturas se tomaron 30 dfas despues en base a la siguiente escala de clasifi- 
cacion: 0 = sin sfntomas; 1 = una hojas marchita; 2=1/3 de hojas marchitas, 
3 = 2/3 de hojas marchitas; 4 = todas las hojas marchitas; 5 = planta muerta. 

De todo el material inoculado se destacaron por $u alta resistencia 
las siguientes variedades de la CCCtl339 (Criolla), 1350{Limona oamarilla), 
1386, 1388, 1395 y 1149 (Chaucha negra). Este material seleccionado que 
se puede considerar como la mejor fuente de resistencia a la bacteria,se envio 
a la Universidad de Wisconsin y se aprovecho tambien en el Centro Nacional 
de Investigaciones Agropecuarias de Tibaitata para el proyecto de Mejora- 
mi ento. 


En 1 968 enviaron de Wisconsin mas de 1,200 hibridos para ser 
evaluados en zonas donde la enfermedad es frecuente. Este material sedividiq; 
una parte se sembro en la meseta de Popayan (Departamento del Cauca) a una 
altura de 1,800 m.s.n.m. y una temperatura promedio de 17°C y la otra se 
sembro en Medellin (Departamento de Antioquia) a una altura de 2,200 m.s« 
n.m. y una temperatura promedio de 21°C. 

En las primeras siembras se selecciono material f descartando aque- 
llos clones que resultaron con susceptibilidad a Phytophthora infestans, poco 
rendimiento y otrosporquepresentaron sfntomas de Pseudomonas'solanacearum . 
De los 1,200 clones sembrados inicialmente se seleccionaron los siguientes 38, 
que tienen buenas caracterfsticas del tuberculo, buen rendimiento, resistencia 
a Phytophthora infestans y son casi inmunes a Pseudomonas solanacearum: 


1/3 

5/6 

9/6 

H/7 

N/78 

P/9 

U/2 

X/6 

2/3 

7/5 

9/7 

H/8 

M /12 

P/ll 

U/12 

Y/51 

VI 

7/6 

9/15 

H/93 

P/1 

P/13 

V/4 

Z/13 

3/2 

. 7/9 

G/5 

K/4 

P/3 

T/5 

V/15 


5/5 

7/10 

G/62 

N/10 

P/7 

T/3 

W/l 



Una parte de este material seleccionado se traslado al Programa de 
Fitopatologia en la Estacion Experimental "La Selva" (Medellin,tempeiatu- 
ra de 16 0 C)Antioqufa, donde se sembro en un lote aislado e infestado artifi- 
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cialmente con la bacteria. Los sfntomas de marchitez fueronbastantenotorios 
en muchas de las lifneas seleccionadas anteriormente en Popayan y en Mede¬ 
llin. De este ensayo se seleccionaron por no presentar sfntomas de Pseudomo ¬ 
nas solanacearum los clones que se presentan en el Cuadro 1. Parte de este 
material se encuentra en la actualidad sembrado para su multiplicacion en el 
Centro Nacional de Investigaciones Agropecuarias de Tibaitata (2,640 m.s. 
n.m.) y en la Estacion Experimental San Jorgea una alturade 3,200 m.s.n.m. 

En 1970 se recibieron 672 clones de Wisconsin y despues de dosco- 
sechas se seleccionaron 34. Este material fue sembrado, cosechado y selec- 
cionado en el presente afto. En la actualidad se tienen en bodega unos 24 clo¬ 
nes, cuyos numeros, porcentaje de ataque presentado, color de la piel y ta- 
mafio se anotan en el Cuadro 2. 

Del material hibrido, enviado desde Tibaitata a Popayan se ban se- 
leccionado como promisorios los siguientes hibridos derivados del cruce ICA- 
Purace x CCC 1449 Chaucha Negra ( Solanum phureja ); 66-337-18, 67-337- 
22, 67-337-28 y 67-337-45, y ademas del cruzamiento de ICA-Guantiva x 
CCC 1449, los hibridos 67-343-5, 67-343-9 y 67-343-10. 

CUADRO 1. Clones seleccionados en la Estacion Experimental La Selva. 


N° de Co- 
leccion 

Tamafio 

Forma 

Prof. 

Ofos 

Color 

Piel 

Color 

Carne 

2/3 

Mediano 

Regular 

Mediano 

Rosa da 

Crema 

3/] 

Mediano 

Buena 

Mediano 

Crema 

Crema 

3/2 

Mediano 

Buena 

Superf. 

Crema _ 

Crema 

5/5 

Mediano 

Buena 

Superf. 

Crema 

Crema 

7/9 

Mediano 

Buena 

Superf. 

Crema 

Crema 

N/10 

Mediano 

Buena 

Superf o 

Crema 

Crema 

P/13 

Mediano 

Regular 

Superf. 

Purpura 

Crema 

P/7 

Mediano 

Buena 

Superf. 

Pu rp .Crema Crema 

P/9 

Mediano 

Regular 

Mediano 

Purpura 

Crema 

7/6 

Mediano 

Regular 

Mediano 

Crema 

Crema 

7/10 

Mediano 

Buena 

Superf. 

Crema 

Crema 
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N° de % Plantas 

Coleccion Enfermas 


60-43 

5% 

60-68 

10% 

60-85 

20% 

62-1 

40% 

63-1 

10% 

60-63-51 

20% 

63-93 

5% 

63-155 

5% 

65-9 

5% 

69-6 

5% 

69-11 

10% 

69-13 

5% 

69-16 

30% 

69-17 

15% 

69-39 

10% 

69-46 

5% 

69-47 

10% 

69-59 

5% 

69-84 

5% 

69-86 

5% 

69-101 

10% 

70-55 

15% 

71-5 

30% 

73-3 

20% 


TamaPlo 

Color de 
la Piel 

PequePIo 

Rosado 

Mediano 

Rosado ciema 

PequePIo 

Rosado 

Grande 

Blanco 

Grande 

Blanco 

Grande 

Blanco 

PequePIo 

Blanco 

PequePIo 

Blanco 

PequePIo 

Rosado 

PequePIo 

Rosado 

PequePIo 

Rosado 

Grande 

Rosado 

Grande 

Rosado 

PequePIo 

Rosado 

PequePIo 

Rosado 

PequePIo 

Rosado 

Grande 

Rosado 

PequePIo 

Rosado 

Mediano 

Rojo 

PequePIo 

Rojo 

Pequerio 

Rosado 

PequePIo 

Rosado 

PequePIo 

Blanco 

PequePIo 

Purpura 












THE SIGNIFICANCE OF BACTERIAL WILT IN THE 
DEVELOPMENT OF POTATOES IN KENYA 


David Harris, British Potato Research Team 
Ministry of Agriculture 
Nairobi, Kenya 


Bacterial wilt does not constitute as great a threat to potato develop¬ 
ment in Kenya as was apparent in the early 1960's. The improved situation 
is attributed to the emergence of high altitude potato production on settlement 
farms where wilt is not a problem. Factors affecting the severity of wilt out¬ 
breaks are considered. The future control of wilt is discussed and research 
priorities are outlined. 

ln»roduct ion 

A major effort has been launched in Kenya to develop potatoes as 
a food crop. Of the pathological problems in this programme blight(caused 
by P h ytophth ora infestans) is the most important. In recent years bacterial 
wilt (caused b y Pseudomonas solanacearum) has also attained some importance 
as a disease limiting potato yields. 

Bacterial wilt was first recorded in Kenya by Nattrass (1945)/al¬ 
though it was probably introduced some years previously. Wilt subsequently 
became widespread and caused increasing losses. By 1963 the situation had 
become so alarming that Robinson and Ramos (1964) concluded that in the 
absence of resistant varieties potato cultivation in Kenya would decline to 
insignificance. This is an opportune moment to review the importance of 
wilt in Kenya and to reconsider methods of controlling the disease. 

The disease 


Bacterial wilt of potatoes in Kenya is caused by the strain of P. 
solanaceorum variously known as race 3 (Buddenhagen et al., 1962) and 
biochemical type 2 (Hayward, 1964). This strain has a restricted crop host 
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range (potato and tomato) but, in Kenya, is known to attack some weed hosts. 
Thurston (1963) has shown that this strain can cause disease at lower tempera¬ 
tures than other strains and this has been confirmed in Kenya (Ramos, persond 
communication). Apart from this tolerance of lower temperatures the disease 
caused by this strain is very similar to the brown rot of potatoes long known in 
the U.S.A. and other parts of the world (Kelman, 1953). 

The systems of potato growing in Kenya 

To understand the wilt situation in Kenya it is necessary to under¬ 
stand the systems of potato growing. Most potatoes are grown between 4,500 
and 8,500 feet. This range of altitude can be considered as two zones: one 
between 4,500 and 6,500 feet and the other between 6,500 and 8,500 feet. 
The lower zonesis occupiedby a large number of traditional family small hold¬ 
ings, varying in size from 1 to 20 acres. Maize and beans are the principal 
food crops, and coffee or tea the main cash crops, but potatoes have also 
been grown on a small scale for many years. Standards of potato cultivation 
vary considerably. In some areas spraying against blight and the use of 
fertilizers have become general, and there is a growing awareness of the 
importance of good seed. In other areas standards remain poor. 

At the higher elevations potatoes are grown on recently established 
settlement farms from 6 to 30 acres in size. Here potatoes constitute a major 
foodand cash crcpand their importance is reflected in generally,higher standards 
of husbandry. Potatoes are also grown at high altitude Forest Stations where 
forest workers are allowed to interplant young trees with vegetables. This 
shifting system of cultivation in remote forest areas has not been conducive .to 
the development of good farming standards. 

A smalt number of large, highly capitalised farms, at high and 
low elevations also produce potatoes, and although their output is relati>ely 
small it is important because it includes the bulk of the supply of certified 
seed. 


During the last eight years settlement farms have attained consider¬ 
able Importance in potato growing with the result that emphasis has shifted 
from low to high altitude potato production. 

Present status of bacterial wilt in Kenya 

Wilt is much more important in the lower than the higher zone. 
In the traditional areas wilt can be found in 2 out of 3 fields, although only 
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among the worst farms does it often exceed an incidence of 5%. Wilt is 
usually more serious in places most remote from extension services and supplies 
of healthy seed. In the high settlements and in the forest areas wilt is general¬ 
ly unimportant. Sporadic outbreaks do occur but the losses caused are minor. 
Nor is wilt a problem on the large commercial farms. 

Thus wilt remains a moderately important disease in the traditional 
farming areas but has failed to become established in the high altitude settle¬ 
ments and Forest Stations. The substantial expansion of potato growing in the 
settlement schemes has therefore considerably reduced the overall impact of 
this disease in Kenya potato production during the last decade. 

The most important factors influencing wilt in Kenya are: climate, 
the level of seed infection; and the level of soil contamination. These are 
discussed below. 

Effect of Climate on bacterial wilt 


Bacterial wilt is a disease of tropical and sub-tropical zonesandit 
is to be expected that with increasing altitude in the tropics climatic factors 
would become limiting. In Kenya bacterial wilt epidemics are retarded as 
soil temperatures drop from 22°C and, below 14°C, no wilting occurs (Ramos, 
personal communication). This temperature effect partly explains the reduced 
importance of wilt at higher altitudes. However, wilt does occur even at 
9,000 feet when infected tubers are planted, so that the failure of wilt to be¬ 
come established is probably also due to the effect of climate on the soil 
phase of the disease. Thurston (1963) reported a ceiling of 7,500 feetfor 
bacterial wilt of potatoes in Colombia caused by a strain similar to that in 
Kenya. 

Bacterial wilt is always more serious in Kenya whenrairfall is high. 
It is well known that high soil moisture favours wilt (Kelman, 1953) and, in 
Kenya, the effect seems to be one of enhanced plant-to-plant spread and 
enhanced survival of the pathogen in the soil (see below). 

Effect of seed-borne wilt 

Recent work has shown that although potato tubers infected by P. 
solanacearum can be very resistant to rotting in store, the plants growing from 
them readily succumb to the pathogen in the field. This is a most dangerous 
aspect of wilt because tubers from an affected crop which are outwardly healthy 
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produce diseased plants in the next crop. 

In the traditional areas most potato seed is locally obtained from 
shops and markets. Some of this seed comes from the settlement areas ofMeru, 
Nyandarua and Nyeri and is largely wilt-free/ but there is a continuous 
cycling of locally produced seed which is usually wilt-infected. The potato 
growers in these areas are therefore at the mercy of the seed they buy. 

The settlement areas are mostly self-sufficient in seed potatcesand 
through the primary introduction of wilt-free stocks the disease has been large¬ 
ly excluded. Indeed, in Nyandarua District, which is composed almost entire¬ 
ly of highland settlements, there is legislation forbidding the introduction 
of all but certified seed. 

At Forest Stations potato growers continue to enjoy the advantage 
of wilt-free soil, but there is no deliberate policy of wilt-free seed. How¬ 
ever most of the seed comes from adjacent high altitude areas and is usually 
saved for several generations. Forest potato growers are thus largely protect¬ 
ed from the introduction of wilt with their seed potatoes. 

Outbreaks of wilt in the settlement and Forest Stations have always 
been associated with seed introduced from lower elevations. 

Soil-borne wilt 

Robinson and Ramos (1964) believed that once contaminated with 
wilt land remained so for many years * The evidence on this is conflicting. 
Unfortunately since very little seed is above suspicion, it is generally impos¬ 
sible to know whether infection came from the soil or from the seed. Most of 
the wilt seen in recent surveys was on land that was formerly wilt-free, and 
was therefore due to seed-borne inoculum. That the pathogen does survive «n 
the soil: under some circumstances is confirmed by the occurrence of wilt in 
potatoes grown from imported Scottish seed and in tomatoes. However, there 
is no evidence for the wholescale spoiling of land through wilt contamination 
as predicted by Robinson and Ramos (1964). Soils in Kenya, especially at 
lower altitudes, are subject to intense desiccation during dry seasons and 
P. solanacearum is known to be very sensitive to de hydration. This may oc 
plain why the soil-borne phase of the disease is not as significant in Kenya as 
elsewhere and why wilt becomes more important in wet years. 

The practice of rotating wilt-infested fields iswidely used and may 
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Wilt has occurred sporadically in all the settlement areas buthas 
never become established. It seems safe to predict that, given the continuing 
use of wilt-free seed, the disease will never become a problem in the higher 
potato growing areas. 

Since, in the lower areas, most wilt results from planting diseased 
seed, a great deal can beachieved by encouraging the use and improving the 
availability of wilt-free seed. Ultimately thismaybe effected through a seed 
certification system, but in the near future it remains the responsibility of ex¬ 
tension staff to establish contacts between growers producing wilt-free potatoes 
and those wishing to buy them. By encouraging the saving of seed, wilt - free 
stocks can be maintained as in the settlement areas. 

Attempts to control wilt through the use of healthy seed will founder 
if the seed is planted on heavily contaminated land. Hence one of the more 
important projects in bacterial wilt research in Kenya is a study of the persist¬ 
ence of soil-borne inoculum at different altitudes and under different rotation 
regimes. 


Although the need for resistant varieties is not as great as was for¬ 
merly believed, the Potato Research Section in Kenya hopes to produce vari¬ 
eties with some resistance to wilt. It is intended to exploit the resistance found 
in the species Solanum phurefa by Thurston (1965) and Robinson (1968), and 
that occurring in hybrids of phureja , S^. demissum , S^. microdontum and S. 
tuberosum bred by Dr. W= Black which have blight resistance and other qual¬ 
ities, The greatest pathological problem in the programme is to devise meth¬ 
ods for selecting resistant individuals from progenies. No high level ofresist- 
ance has been found in the material under Kenyan conditions, and the diffi¬ 
culty lies in selecting seedlings which have only moderate levels ofresistance 
without killing them in the process. 
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DEVELOPMENT OF POTATO CLONES WITH 
RESISTANCE TO BACTERIAL WILT 1 

P. R. Rowe and Luis Sequeira 
Respectively, U.S. Department of Agriculture 
and Department of Plant Pathology, 
at the University of Wisconsin, Madison, Wisconsin 


The serious disease problem that bacterial wilt ( Pseudomonas solana - 
cearum E. F. Sm.) causes on potatoes in tropical and subtropical areas of the 
world is well known. Adequate levels of resistance on which to base potato 
breeding programs were not known until the discovery by Thurston and Lozano 
(1968) that certain Colombian clones of S. tuberosum Gp. Phureja had high 
levels of resistance. Their discovery stimulated renewed interest inbreeding 
for resistance. 

A project to study bacterial wilt was initiated in Wisconsin early in 
1967. The objectives were to detect sources of resistance, to investigate the 
inheritance of resistance, and to develop germ plasm that would be useful to 
potato breeding projects in countries where bacterial wilt was a problem. The 
project has been funded by grants from the Rockefeller Foundation to the Uni¬ 
versity of Wisconsin. 

All tests to determine disease reaction in Wisconsin have been con¬ 
ducted in the greenhouse and in growth chambers. To obtain reproducible re¬ 
sults, growth chambers had to be utilized although they are expensive to op¬ 
erate and the number of plants that can be tested is restricted. The details on 
the testing procedures have been published by Sequeira and Rowe (1969). 

The plant material that was used as the basic source of resistance 


Cooperative investigations of the AgriculturaI Research Service, U.S. Depart¬ 
ment of Agriculture and the College of Agricultural and Life Sciences, Uni¬ 
versity of Wisconsin, Madison. Supported in part by grants from the Rockefe¬ 
ller Foundation. 
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was from the Coleccion Central Colombiana. These Phureja stocks were pro¬ 
vided by Dr. H. David Thurston, first in the form of open-pollinated seed, and 
later as tubers after these clones cleared through U.S. quarantine procedures. 

The open-pollinated seed was grown and an initial screening with 
isolate K-60 isolated 20 resistant clones. After a tuber increase was obtained, 
these clones were tested against 10 isolates of £. solonacearum . The reaction 
of the individual clones ranged from resistance only to isolate K-60 up to re¬ 
sistance to all isolates (Sequeira and Rowe, 1969). 

The most resistant clones were used in crosses with each other and 
with 24-chromosome clones of Gp. Tuberosum. Progeny from these crosses pro¬ 
vided the start of efforts to study the inheritance of resistance and to develop 
germ plasm of potential value in potato improvement. Data from the initial 
crosses indicated that resistance was a “dominant trait that was transmitted to a 
high frequency of the progeny. Extensive tests in the growth chamber have led 
to a hypothesis that resistance is controlled by few genes that react specifically 
with certain isolates or groups of isolates (Rowe and Sequeira, 1970; Rowe, 
Sequeira and Gonzalez, 1972). 

During the time that tests were being conducted in the growth cham¬ 
ber to study some basic aspects of disease reaction, germ plasm to test the le¬ 
vels of resistance was developed. Crosses were made'at Sturgeon Bay and 
clones were produced in the greenhouse. These hybrids, both seed and tubers, 
were distributed to several countries, primarily to Costa Rica and Colombia 
initially, for tests under field conditions. 

Table 1 lists the countries that have received stocks from Wisconsin 
and the cooperators who have been responsible for conducting the field tests. 
The results that these men made available to us were used to determine what 
parents to utilize in further crosses. Their cooperation has been an essential 
part of the program. This list also illustrates the world-wide interest in find¬ 
ing useful resistance to P. solanocearum . 

Seed of '223 crosses, tubers of 639 clones and over 8,000 tubers of 
individual seedlings have been distributed during the past five years (Table 2). 
Distribution has slowed somewhat in the last two years because wedecided not 
to produce any new material until good field evaluation data becameavailable 
for the stocks that had already been distributed. Since, in most instances, 
only a limited amount of material could be sent, it has taken several growing 
seasons at each specific location to produce enough material toobtainreliable 
results. 
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TABLE 1Countries where potato hybrids have been screened for resistance 
to P. solanacearum 


Country 

Cooperator 

Country 

Cooperator 

Brazil 

A. Drummond 

Raul Ribeiro 

Indonesia 

H. Vermeulen 

Ceylon 

Cedrick R. de Vaz 

Kenya 

R. A. Robinson 

Colombia 

Nelson Estrada 

Mauritius 

R. Antoine 

Costa Rica 

Luis C. Gonzalez 

Nigeria 

Dale Suchomel 

Fiji Islands 

G. R. T. Levick 

J. B. D. Robinson 
Peter Thompson 

Peru 

Isa fas Herrera 

E. R. French 

Honduras 

India 

Salvador Quiroz 

Pushkarnath 

Philippines 

J. C. Acosta 

L. T. Empig 

E. C. Quisumbing 

TABLE 2.- 

Distribution of potato seed and tubers for screening for resistance 
to P. solanacearum 




Tuber families 

Year 

Seed 

Clones Number Seedlings 

1968 

36 

53 

92 4871 

1969 

47 

23 

91 2001 

1970 

20 

175 

30 1257 

1971 

83 

191 . 


1972 

37 

197 


Totals 

223 

639 213 8129 
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The general pedigrees of the potato hybrids that have been distribu¬ 
ted are shown in (Table 3). At first the Phureja clones that were resistant in 
the greenhouse were intercrossed and crossed with 2x and 4x Tuberosum (Tbr). 
Hybrid clones that were reported to have resistance in the field have beenadded 
to the crossing program as they have become available. Theoretically, the 
Phureja hybrids should have the highest levels of resistance but it has been dif¬ 
ficult to get field performance data on these hybrids. Because of the small 
tubers and the lack of dormancy, most of these clones did not do well in field 
tests. 


Parents of the seedling tubers that were distributed in 1968 were the 
resistant selections of Phureja, and Phureja x 24-chromosome Tuberosum clones, 
and both 24-ond48—chromosome Tuberosum (Table4). The 2xTbr were hybrids 
that had been selected at Sturgeon Bay from inter-haploid crosses. The 4xTbr 
were the U.S. cultivars Katahdin and Chippewa and certain virus-resistant seed¬ 
lings that had been introduced from Germany. The crosses with 2x Tbr would 
be expected to give almost all diploid or 24-chromosome progeny while the 
crosses with 4x Tbr would give almost all 4x progeny. 

Although most of the clones that were distributed were diploids, a 
majority of those that were selected came from the tetraploid populations (Ta¬ 
ble 4). The manner in which the 2n gametes are formed in the 2x-4x crosses 
may result in a high proportion of resistant progeny irt these crosses. The tetra¬ 
ploid progeny were, based on the reports that we received, more vigorous with 
better yield and type than the diploids. The tetraploid cultivars might be ex¬ 
pected to give a higher proportion of good types in their progeny simply because 
they have had more selection that the 2x Tbr clones. Increased genetic di¬ 
versity probably also contributed to the greater vigor. In most instances, the 

TABLE 3.- Parentage of hybrid potato clones that have been distributed for 
field tests for resistance to P. solanacearum 


Phureja (R) x Phureja (R) 

Phureja (R) x 2x Tuberosum (S) 
Phureja (R) x 4x Tuberosum (S) 
Phu-Tbr (FR) x 4x Tuberosum (S) 


S - Susceptible in greenhouse; R - Resistant in greenhouse 
FR - Resistant in field 
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TABLE 4. - Selection for resistance to P. solanacearum and for yield in potato 
hybrids distributed in 1968 


Cross 

Total 

Clones 

Clones 

No. 

selected 

% 

Phureja x 2x Tbr 

974 

12 

1.2 

Phureja x 4x Tbr 

93 

23 

24.7 

Phu-Tbr x 2x Tbr 

723 

. 4 

0 6 

Phu-Tbr x 4x Tbr 

159 

32 

20.1 


Selections in Brazil, Colombia, Costa Rica, Mauritius, and Nigeria. 


cooperators tried to select the highest yielding clones that were resistant and 
the percentage of clones selected from each cross does not necessarily reflect 
the actual number of resistant plants. Many plants died or were lost for rea¬ 
sons other than susceptibility to bacterial wilt. 

The fact that so manyclones were selected initially was very encour¬ 
aging to us. Prior to this, it was not known if the resistance that we detected 
in the greenhouse would stand up in the field. These resu Its and those obtained 
on other clones since then indicate that the resistance from Phureja will be 
useful for breeding programs. 

It did not take long to realize, however, that resistance to bacter¬ 
ial wilt was only part of what was needed. In most areas whereP. solanacear ¬ 
um is a problem, late blight (Phytophthora infestans (Mont.) de Bary) is also 
very severe. For this reason, some of the better yielding clones that have re¬ 
sistance to bacterial wilt but are susceptible to blightwere crossed with sour¬ 
ces of resistance to late blight. The primary resistant parents used have been 
the late blight-resistant varieties produced in Mexico that are known to have 
very good general resistance. The progeny from these crosses were tested for 
reaction to late blight in the Toluca Valley of Mexico through the courtesy of 
Dr. J. S. Niederhauser. Some of these clones have also been tested bysev¬ 
eral cooperators for resistance to bacterial wilt. Reports so far are very promis¬ 
ing. Workers in Colombia, Peru and Nigeria have reported finding bacterial 
wilt resistance in clones that also were resistant to late blight in Mexico. If 
further tests confirm these results, then it should be possible to screen much 
larger populations and to select in each country good yielding clones that com¬ 
bine resistance to both diseases. 
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Based on the results of field tests that we have received, it appears 
that resistance to bacterial wilt has been detected in almost every country 
where screening has been done. Not fenough data are available yet to determ re 
if a clone that is resistant in one country will be resistant in another. The 
genetic evidence obtained so far suggests that they will not. Although in most 
instances, the resistant clones that have been isolated are not immediately use¬ 
ful as potential varieties, a considerable amount of germ plasm that will be of 
potential value to national breeding programs has been developed and distri¬ 
buted . 


There are limits to the selection program that can be carried out in 
Wisconsin. It would appear that the future work at Wisconsin should stress 
certain basic problems, such as the nature and inheritance of resistance, and 
the development ofnew testing techniques. In our view, the primary responsi¬ 
bility for exploiting this germ plasm rests with the national programs. No bar¬ 
riers to the transfer of resistance have been detected so far and the chances 
for more progress in the future seem very good. 
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PROGRESS AND PROBLEMS IN SELECTING 
RESISTANCE TO BACTERIAL WILT 

Edward R . French 

Centro Internacional de la Papa, Lima, Peru 


DrSo Rowe and Sequeira at Wisconsin have worked on selecting re¬ 
sistance to bacterial wilt ( Pseudomonas solanacearum ), in nearly constant 
temperatures and by means of stem inoculation,, Their results have been good, 
but certain inconsistencies in field trials at different locations and from sea¬ 
son to season, indicate the need to determine the interaction of: 1) day and 
night temperatures, 2) pathotypes, and 3) inoculation in soil or stem. 

Day/night temperature regimes of the cold Andean (20/8^) and of 
the coast (28/16^) of Peru were simulated in phytofron chambers,. The 
twelve hour long warmer periods included 9 hours of 500 Hlx. illumination 
with fluorescent "Cool White" and incandescent lights (in a proportion of 70 . 
30 watts respectively). The following potato cultivars were utilized: S. 
phureja 1386.15, 1386.26 (Colombian Collection), Wisconsin hybrids V-7, 
7-6, 6-5, BR-6014 (derived from S. phureja ), the North Carolina hybrid 
59.B5-1, and "Russet Burbank". AfT these cultivars, with the exception of 
the last two have been selected as resistant or tolerant to bacterial wilt in 
Tropical America. Potato plants were planted in a Greenhouse and transferred 
30 days later to the respective chamber. Three days later they were inocu¬ 
lated with suspensions of bacter ia in water, prepared with wild-type colonies 
grown during 3 days at 30*^ on Kelman's medium (without tetrazolium). Cul¬ 
tivars Russet Burbank (susceptible), 59.B5-1 (tolerant) and 6-5 (resisrant) 
were inoculated by adding 40 ml of suspensions of the peruvian isolate P-1 
of solanacearum to 500 cc of soil in each pot, with and without wound¬ 
ing the root system. Two concentrations of the bacteria were utilized: 
1 x 10® and 4x10 cells/ml. Plants of all cultivars (3 per treatment, 2 re¬ 
plications) developed symptoms in 22 days in the warmer regime. In the cold 
regime Russet Burbank was susceptible in all treatments, 59.B5-1 was suscep¬ 
tible in all treatments except that it was tolerant at the low level of inoculum- 
without wounding, while 6-5 developed symptoms only at the greater con¬ 
centration of inoculum and when roots were wounded. Disease indices increased 
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with greater host susceptibility, greater inoculum concentration, presence of 
wounded roots, and increasing temperature. 


Cultivars V-7, 7-6, BR-6014 and 1386.26 were inoculated (six 
plants per treatment, two replications) by puncturing the stem through a drop 
of bacterial suspension containing 2x10^ bacteria/ml placed on the axil of 
the third fully expanded leaf from the top or by adding 80 ml of a suspension 
of 5 x 10^ bacteria/ml to the soil of each plant in a 1500 cc pot. All plants 
were susceptible in 22 days when they were stem inoculated. In infested soil 
BR-6014 was susceptible in the warm regime, but tolerant in the cold regime, 
whereas the remaining cultivars were tolerant in the warm and resistant in the 
cold regime. 


All cultivars were inoculated (3 plants in 2 replications) ^y soil 
infestation without root wounding with 80 ml of suspensions of 5 x 10 bac¬ 
teria/ml per 1500 cc pots with potato isolates PI (Chiguirip, Peru), S 207 
(Popayan, Colombia), S213 (Paraiso, Costa Rica), K51 (Pamlico, North Ca¬ 
rolina), S245 (Antherton, Queensland, Australia), K197 (Kenya) and K56 
(Israel). The results after 29 days are presented in Table 1. 


Cultivars of S. phureja were the most resistant with cultivar 1386.15 
being more consistently so than 1386.26. They exhibited only tolerance to 
some isolates, especially in the warm regime. No cultivar was resistant to 
all the isolates in the warm regime but only isolates PI and S213 were virulent 
to all the cultivars (some showing tolerance, others susceptibility). In the cold 
regime for each bacterial isolate one or both phureja cultivars and one or 
more hybrids exhibited resistance, with the exception of isolate S213 to which 
the S. phureja cultivars were resistant but the hybrids tolerant or susceptible. 

To summarize we can derive the following conclusions: the levels 
of resistance tested were well expressed by soil infestation without root wound- 
• ing but not consistently so by stem inoculation. Resistance was greater in the 
cold regime and was more effective in certain cultivar-isolate combinations. 
These sources of resistance would seem to be adequate for some regions irre¬ 
spective of temperature considerations, for other regions only in cold climates, 
and in still others they would only provide tolerance even in cold conditions. 
In the last of these instances they might be useful only if utilized with an in¬ 
tegrated growing system that includes all possible control methods that might 
reduce the incidence of wilt. 
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TABLE 1.- Susceptibility* of potato cultivars inoculated by soil infestation 
with isolates of Pseudomonas solanacearum after incubation for 29 
days at two temperature regimes. 


Isolates 

Temp. °C 


POTATO CULTIVARS 


1386.15 

1386.26 

V-7 

6-5 

59.B5-1 

BR-6014 

PI 

28/16 

T 

T 

S 

T 

S 

S 


20/8 

T 

R 

T 

R 

R 

S 

S207 

28/16 

R 

T 

R 

T 

S 

T 


20/8 

R 

R 

R 

R 

R 

R 

S213 

28/16 

T 

T 

S 

S 

S 

S 


20/8 

R 

R 

T 

T 

T 

S 

K51 

28/16 

R 

T 

R 

T 

R 

R 


20/8 

R 

R 

R 

R 

R 

R 

S245 

28/16 

R 

R 

R 

T 

R 

R 


20/8 

R 

R 

R 

R 

R 

R 

K197 

28/16 

R 

T 

R 

T 

R 

T 


20/8 

R 

R 

R 

R 

R 

R 

K56 

28/16 

R 

T 

T 

T 

S 

S 


20/8 

R 

R 

R 

R 

S 

T 


R = resistant; T = tolerant; S = susceptible. 
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METHODS FOR EVALUATING POTATO FOLIAGE 
FROST RESISTANCE 


Daryl G. Richardson & C.J. Weiser 
University of Minnesota, St. Paul, Minnesota, U.S.A. 


This presentation includes research contributed by severe I colleagues 
who have been evaluating potato foliage frost resistance at Minnesota (N.P. 
Sukumaran, C. Harrison) and in Bogota (N. Estrada Ramos, L.F. Alvarado). 

We have published an extensive review of the world literature on 
potato frost resistance from reported field observations, whole plant laboratory 
tests, and excised leaflet tests (3) and have grouped the reportedly resistant 
species into 5 levels of resistance. On the basis of published reports the most 
resistant species are S. acaule, S. chomatophilum , !S. commersonii , S^. x ju ~ 
zepezukii, and S. multidissectum, which are generally reported to be capaETe 
of resisting -5° C or lower without injury. acaule appears to be the most 
resistant with several reports of survival to -10*0. Slightly less resistant are 
S. ajanhuiri, S. x curt;lobum , S. demissum, S.. megistacrolobum , S. micro- 
dontum, and S. vernei which are generally found to be resistant in the -4 to 
-5°C range. Many other species of lesser resistance are also reported. 

Dr. N.P. Sukumaran has developed a relatively simple, reprodu¬ 
cible excised leaflet test for evaluating potato frost resistance involving con¬ 
trolled freezing of the excised leaflets and measurement of leached electro¬ 
lytes (5). 

In developing the procedure he tested plants of seven different 
genotypes including two cultivars and four Solanum species which had been 
asexually propagated from stem cuttings from single plants and grown under 
controlled conditions consisting of a 12 hour photoperiod and a 12 0 /2*C day/ 
night temp regime. These genotypes tested ranged in frost resistance from a 
tender cultivar S. tuberosum subsp. tuberosum cv. "Red Pontiac" to acau - 
le. Also tested were "Alaska Frostless", a cultivar which is a hybrid of S. 
acaule and S, tuberosum, which has been reported to have some frost resist¬ 
ance (1); S. chonr^toghnum and S. mu|tidissecjwi_which are highly resistant 
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species, and $_. bukasovii which has been reported to be moderately resistant. 

The excised leaflet test was performed as follows: A Wilkens-An- 
derson Lo-Temp bath (Model 94370) filled with ethylene glycol was used for 
subjecting excised, entire terminal leaflets to controlled temperature moni¬ 
tored by copper/constantan thermocouples and a Barber-Coleman multipoint 
potentiometric recorder. Whole leaves were washed in double-distilled dei¬ 
onized water and blotted with tissue paper, a terminal leaflet detached and 
placed in the bottom of each sample tube (15 cm test tube with a 1-holed 
rubber stopper inserted with a short glass tube). The sample tubes were 
weighted to float vertically and were almost completely immersed in the anti¬ 
freeze bath. The temperature of the bath was rapidly lowered to -2°C, and 
maintained for 30 min. Temperature fluctuations were less than 0.2X from 
the mean. Sample freezing was then initiated in each sample tube by rubbing 
a frost covered pipe cleaner up and down in the access tube of the stoppered 
cell. Then the bath was held at -2°C for 1 hour, then lowered l*C/hour by 
manual adjustment every 10 min. Six leaflets of each genotype (2 from each 
maturing stage - young, intermediate and old leaves) were removed at each 
test temperature (0 ,5°C increments between -2°C and 6.5^) and slowly 
warmed to O'C in a refrigerator. 

After 1 hour at 0°C, leaflets were gently removed from the cells 
and immersed in 50 ml of double distilled deionized water. All leaves of one 
genotype removed at a specific test temperature were placed in the same flask, 
transferred to a shaker bath and shaken at 29°C for 1 hour. 

The liquid (leachate) was then decanted into a vial and the con¬ 
ductance measured at 60 cycles with an Industrial Instruments Conductivity 
Bridge (Model RC 16B2). The flask containing the leaflets was then dipped in 
liquid nitrogen for 5 min. to kill and disrupt all of the tissue cells. The ori¬ 
ginal leachate was then poured back into the flask and samples were shaken 
again for 1 hour at 29°C. The leachate was again decanted from the disrupted 
leaflets and the conductivity again measured. 

Percent leaching was then expressed as: Conductance of leachate 
after test freeze x 100% divided by conductance of leachate after killing all 
cells by liquid nitrogen. 

Results of the studies indicate that the 50% leaching temperature 
for "Red Pontiac" and S. bukasovii was about -2.4 to -2.5°Q compared with 
field reports surviving -2° to -3°; "Alaska Frostless" had a 50% leaching tem¬ 
perature -3.5° with field reports indicating that it survived to -3°; but was 
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killed at -5.5°C: S. multidissectum had 50% leaching at-4.5° compared to 
field reports indicating that it survived -3°on several occasions. The two ge¬ 
notypes of S. chomatophi lum had a 50% leaching temperature of -5.5°C com¬ 
pared to field reports of survival at -3 to 5°G. acaule also had a 50% 
leaching temperature of -5.5°and has frequently been reported to survive -5° 
to -6*C or lower in the field. 

For purposes of comparison whole, potted plants of the seven geno¬ 
types were also subjected to controlled freezing at a rate of 1 °C per hour in a 
top-loading domestic freezer. During this procedure plants were inoculated 
with ice at -2°C to avoid extensive supercooling by gently rubbing a frost- 
covered pipe cleaner on the surface of a few leaves. The minimum test tem¬ 
peratures were maintained for 15 minutes. Plants were then thawed at5°C/ 
hour. Pots were insulated so that the soil remained unfrozen even to -6.5°C, 
the lowest test temperature used. 

The foliage of whole plants of all genotypes was killed at the tem¬ 
peratures which caused 50% leaching from leaves of the same genotypes in 
the excised leaflet test. Stems generally survived these temperatures and in 
the case of "Red Pontiac", "Alaska Frostless" and acaule there was some 
new growth from axillary buds. Plants frozen to 1°C above the temperature 
causing 50% leaching in the excised leaflet test had either no visible injury 
or only marginal injury of a few leaflets (eg. on "Red Pontiac", "Alaska 
Frost I ess" and S. multidissectum ). 

The excised leaflet test appears to provide a reliable means of as¬ 
sessing frost resistance of potato foliage. Subsequent work has shown the re¬ 
sults of the test to be highly reproducible and the temperature of 50% leach¬ 
ing provides a convenient means of reporting relative hardiness. While the 
test is relatively simple to perform it does require some specialized equipment 
and it is quite time consuming. As such it is not the simple mass selection tool 
which is needed to optimize effective frost resistance breeding programs. It 
does, however, provide a good standard for estimating the validity of simpler 
tests which may be developed, and in the meantime it providesa useful means 
for determining the relative frost resistance of numbers of genotypes -eg. ad¬ 
vanced selections and potential parents. 

Dr. Sukumaran has also attempted to characterize the nature of 
freezing injury to potato foliage (4). He found that freezing curves (time- 
temperature profiles) of freezing leaves from frost resistant (S.. acaule) and 
frost susceptible (S. tuberosum cv. "Red Pontiac") types of potato leaves did 
not reveal any major differences. The pattern of change in electrical resist¬ 
ance of leaves to low voltage low frequency current during freezing was 
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different in the frost resistant and susceptible leaves. Using tissue sections 
from both types of leaves, he found that water freezes extracellularly when 
cooling is slower than S^/min. Cells from resistant plants showed a higher 
osmotic concentration, but not a higher water permeability than cells from 
susceptible plants. The extent of in|ury caused by even very slow freezing was 
greater than that caused by equivalent desiccation, particularly in the sus¬ 
ceptible leaves. The higher osmotic concentration in cells from leaves of re¬ 
sistant plants can account for the greater desiccation resistance, but not for 
the frost resistance observed. 

In summary, the results indicate that the frost resistance exhibited 
by S. acaule is true frost tolerance, i.e. ability to withstand extracellular 
ice formation to -5*^; that this resistance is not related to a relatively greater 
capacity for avoiding intracellular freezing during rapid cooling; and that 
injury to potato foliage from extracellular freezing probably cannot beex- 
plained in terms of simple frost desiccation. 

Working with Nelson Estrada Ramos, frost resistance of interspeci¬ 
fic and varietal potato crosses were evaluated in Bogota using intact potted 
plants in programmed low temperature growth cabinets (2). Plants of 121 
clones from 29 crosses were grown from tubers in a greenhouse with a 12 hour 
photoperiod and average day/night temperature of 25yi5°C. When the plants 
attained about 15 cm height, they were conditioned outside for 2 to 5 weeks. 
The average day/night temperature during this period was 19^6°. After a 
minimum of two weeks of outdoor conditioning, groups of plants were trans¬ 
ferred to Sherer-Gillett CEL-34-7 LT growth cabinets and subjected to frosts. 
Plastic temperature programming discs were cut to achieve a constant 20*^ 
from 7a.m. to 6 p.m. followed by a smooth lowering of temperature to a 
uniform 2 hour frost temperature between 4a.m. and 6a.m. The first frost 
temperature was -2°C followed by frosts of -3, -4, -5, -6, -7, -8, and -9 
on subsequent nights. In all cases the relative humidity was 100% during the 
frost period. Fbliar damage was visually scored 10-12 hours after each frost. 
Ratings were based on the following scale: 0 = no damage, 1 = less than 10% 
of the foliage damaged, 2 - 10 to 25% foliar injury, 3 = 25 to 50% injury, 
4 = 50 to 75% and 5 = 75 to 100% foliar injury. Plants scored 4 or 5 were 
considered sufficiently damaged to consider .them productively inefficient. 

Results of the growth chamber tests of whole plant resistance to 
frost indicate that 101 of the 121 clones bred specifically for frost resistance 
survived without observable damage to at least -5°Q and some crosses resisted 
~9°C, In the majority of cases the sources of resistance were well recognized 
resistant species such as S. acaule, S. brevicaule, S. multidissectum, and 
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$. vernei. However, some very resistant clones (like 65-3-4 d) were derived 
exclusively from cultivated species (G. Phureja or G. Phureja x Andigena) 
which hadn't previously been shown to be frost resistant. This is encouraging 
since it suggests that recessive, complementary or epistatic genes may be in¬ 
volved in frost resistance and it may be possible to obtain cultivated varieties 
with a fair degree of frost resistance by using varietal parents of cultivated 
species such as G. Andigena, G. Phureja, G. Stenotomum, S.. a|anhuiri and 
others. 


Most of these same clones have since been planted at several loca¬ 
tions in Colombia and have been exposed to natural frosts at several location^, 
one frost was 5.8°C. The field evaluations by Luis Felipe Alvarado, Chris 
Harrison and others agree well with the data derived from this study using in¬ 
tact potted plants in programmed low temperature growth cabinets. 
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SELECCION DE VARIEDADES RESISTENTES A HELADAS 


Nelson Estrada R., Luis F. Alvarado E,, Daryl Richardson, C.J. Weiser 
Edmundo Perez M. (presentado por E. Perez) 

Instituto Colombiano Agropecuario, Bogota, Colombia 


El 90% de la superficie cultivada con papa (90,000 hectareas) en 
Colombia, esta en peligro de que en determinadasepocas del affo la tempera¬ 
ture baje hasta producir heladas en los cultivos y por consiguiente I'aperdida 
total de la inversion. Por lo general, en los meses de Julio y Agosto se pre- 
sentan estas temperaturas bafas que ponen en peligro los cultivos del primer 
semestre del aPto y las heladas de Diciembre y Enero son catastroficas para las 
siembras tardfas del segundo semestre. De lo expuesto anteriormente, se de¬ 
duce que este problema es bastante serio y que disminuye grandemente las in- 
versiones de capital ante este peligro inmenso que de la nochealamaPlana 
puede acabar con una buena produccion. 

El Instituto Colombiano Agropecuario consciente de este grave pro¬ 
blema ha tratado debuscar soluciones, utilizando en el material hfbrido, san- 
gre de las especies silvestres que poseen alta resistencia o toleranciaa lasba - 
jas temperaturas con resultadosa la fechahalagadores ya quese logro obtener 
la variedad ICA-Nevada que mas adelante se describira. No esquecones- 
to se haya logrado una solucion definitiva,sino que es un pequefto paso a la 
solucion de tan grave problema. El Programa de Tuberoses del ICA continua 
y continuara sus estudios y para ello se ha logrado una gran colaboracion y a- 
yuda del Departamento de Horticulture de la Universidad de Minnesota. 

Varios estudiantes a nivel de post-grado han llegado a Colombia a 
realizar trabafos de tesis sobre este topico. En esta Universidad se esta tra- 
bajando (en lo que a este tema se refiere) especialmente en analisis deprote- 
Tnas y metodos de laboratorio para evaluar resistencia del material producido 
en Sturgeon Bay en Wisconsin y en el Centro Nacional de Investigaciones A - 
gropecuarias de Tibaitata. 
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Uno de los primeros metodos que se ensayaron en Colombia para e- 
valuar plantas resistentes a heladas, fue el de las curvas de congelamiento, 
por N. Sukumaran. Consistio en congelar hojas individuales y medir la curva 
de congelamiento con un potenciometro de precision. Especfficamente se ha¬ 
llo la diferencia del "plato" (plateau) que se forma al haber desprendimiento 
de energfa durante el congelamiento. El encontro diferencias en el "plato" 
formado con variedades resistentes como S. acaule y variedades sensibles de 
S. tuberosum, lo cual guarda relacion con una mayor o menor resistencia a 
las bajas temperaturas. 

Daryl Richardson y Nelson Estrada en un primer traba|o seleccio- 
naron material valiendose del metodo de camaras de crecimiento. Estas ca¬ 
maras estan equipadas con programadores de temperatura y asf se logra imitar 
las condiciones de bajas temperaturas mas o menos como se presentan en el 
campo, Este metodo se empleo para plantas adultas individuales y por este 
si sterna se probaron 121 clones encamarasde crecimiento, seleccionaron como 
tolerantes 101 clones que resistieron hasta -5°C, tambien encontraron clones 
que resistieron hasta -9°C. 

Entre el material usado en estos ensayos se encuentra el hibrido 
60-177-7 cruce entre S. andigenum variedad mambera por stenotomum x 
S. stenotomum. Este htbrido se autofecundo para buscar si habfa un caracter 
recesivo ligado a esta resistencia y se ha logrado obtener varios clones resis¬ 
tentes, los cuales actualmente se estan estudiando para determinar principah- 
mente la cantidad de protefnas por el sistema de electroforesis. 

Otro material con alta resistencia a bajas temperaturas son los hf- 
bridos 68 - 24 cruce de S . acaule x S. stoloniferum (CCC. 1120.1) y 68-32 
cruce entre S» brevicaule x S. phureja (CCC. 81 yema de huevo). 

El Programa de Tuberosas del ICA esta ensayando un nuevo metodo 
paraseleccionar material resistente a heladas. Es una combinacion del metodo 
de camaras de crecimiento yobservacion directa en el campo. Alvarado L.F. 
realiza estos estudios. El metodo se inicio con material en la primera gene- 
racion cuando las plantulas tienen unos 15 centfmetros de altura, se someten 
a temperaturas de -3°C en camaras de crecimiento por 2 horas imitando una 
helada natural en condiciones de Colombia. El material que sobrevive se 
trasplanta a I campo por encima de los 3,000 m.s.n.m. en donde se prueba en 
condiciones de heladas naturales. 

Siguiendo este metodo se ha logrado observar que las heladas natu¬ 
rales, eliminan mas material que el metodo del laboratorio, pero que si guar- 
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da una relacion bastante aproximada entre lo seleccionado por las camaras y 
lo descartado por heladas naturales, Del material probado, elque mas se ha 
destacado por su resistencia a bajas temperaturas estan los cruzamientos si- 
guientes; S» brevicaule xS. phureja (Soliman);S. brevicaule x S. phureja 
(Yema de huevo); S. Erevicaule x S. phureja (CCC. 1548); ICA-Nevada x 
andigena ( Tuquerrefia); ICA-Nevada x . andigena (Parda Pastusa); S. 
verne ' x _§• phur eja (Reina); S. ajanhuiri x S. phureja (Yema de huevo); y, 
S. ajanhuiri xS. phureja (CCC. 1360^ 

Como se puede observer, para los cruzamientos se han utilizado 
variedades silvestres y cultivadas que se han reconocido por su tolerancia a 
bajas temperaturas. Loshibridos seleccionados como resistentes a heladas, son 
cruzados luego con variedades comerciales que poseen buenas caracteristicas 
agronomicas, con miras a obtener variedades con alto contenido deprotefnas 
y buena aceptacion comercial. Con este metodo, se lograra ahorrar mucho 
trabajo y se podra trabajarcon poblaciones grandes, desde la primera genera- 
cion. 


Por ultimo, merece anotar la variedad ICA-Nevada, cruce entre 
dos variedades de phureja, que ya se tenia en PruebasRegionales y en es- 
tudios de adaptacion con Agricultores por buena resistencia a Phytophthora 
infestans y excelentes cualidades del tuberculo: color rojo intenso combinado 
con crema, los cuales gustan mucho en Colombia, carne crema,buena cali- 
dad y buena forma. En las pruebas regionales hechas en 1971, el promedio 
de produccion por hectdrea fue de 32.7 toneladas, siendo la variedadmas 
productiva de las 20 que se ensayaron y en donde la variedad testigo, la mas 
difundida actualmente entre los agricultores de nombre Parda Pastusa fue de 
16.3 toneladas por hectarea. 

En Julio de 1969, se la sometio a la influencia de temperaturas 
bajas en camaras de crecimiento, con un 10% de quemazon, del follaje des¬ 
pues de soportar una temperature de -4°C por dos horas y humedad relativa de 
un 100%. Tambien se ha podido observar el comportamiento de esta variedad 
en heladas naturales (-5°C) en donde ha confirmado esta caracterfstica de re- 
sistencia a temperaturas bafas. 
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RESISTENQA Y TOLERANCIA A VIRUS 


Luis F. Salazar 

Centro Intemacional de la Papa 


Las enfermedades virosas de la papa es uno de los factores princi- 
pales que limitan su produccion en el mundo., El fenomeno llamado "Degene- 
racion" de las variedades se conoce que es causado por las enfermedades vi¬ 
rosas y no directamentepor lascondiciones ecologicas o por la edad de la va- 
riedad. 

Como metodo de control la seleccion de variedades resistentes a 
los virus mas prevalentes y daflinos ha merecido la atencion de muchas ins- 
tituciones dedicadas al mejoramiento de la papa en todo el mundo 0 De esta 
manera, se conocen algunos exitos en la obfencion de resistencia extrema para 
algunos virus que causan mosaicos, como virus X (PVX), virus Y (PVY) y virus 
A (PVA), mas no para Leaf-roll al cual solamente ha podido hallarse resisten¬ 
cia a la infeccion y tolerancia. 

La resistencia a los virus ha sido expresada en varios tipos de reac- 

ciones: 

- Inmunidad o resistencia extrema 

- Hipersensibilidad 

- Resistencia a la infeccion 

- Resistencia a la alimenracion del vector, y 

- Tolerancia. 

La inmunidad es el tipo de reaccion mas preferida; sin embargo, se 
sabe que no es facil de lograr;por esta razon cualquiera otra expresion de re¬ 
sistencia es buena toman dose a la tolerancia solo en ultimo caso ya que existe 
la probabilidad deque cualquie r forma de control genetico pueda ser elimina- 
do por alguna mutacion en el virus*, Considerando la variabilidad de los virus 
se comprende la necesidad de conducir estudios sobre resistencia en forma 
continua. Un efemplo que confirma lo anteriormente dicho es lo que ocurre 
con el cion de papa U.S-.D.A. 41956» Este cion ha sido indicado como in- 
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mune a PVX en otros lugares; sin embargo, inoculaciones previas con una raza 
peruana del virus han demostrado que el cion es susceptible. A pesar de que 
estos resultados son preliminares indican que la perdida de algun tipo de re- 
sistencia puede suceder con otros virus, especialmente fuera de lugar donde 
esta ha sido determinada. 

Los trabafos sobre busqueda de fuentes de resistencia para los virus 
en el germoplasma delCIP han sido planeados despues de analizar los siguien- 
tes criterios: 

a) Magnitud del dafto que causa el virus 

b) Conocimiento actual del virus 

c) Conocimiento del material a evaluar. 

En forma general, se considera que la magnitud del daflo que causa 
un virus depende del huesped y de los factores que favorezcan su diseminacion, 
mientras que el conocimiento del virus en cuanto a su forma de transmision y 
otras propiedades ademas del huesped permitiran determinar la tecnologia mas 
apropiada para el estudio. Se ha considerado de maxima importancia el co¬ 
nocimiento de la variabilidad del virus para el cual se busca resistencia. 

Muy poco puede adelantarsesobre los trabajos que se han iniciado 
por razones obvias; sin embargo,entre 1,000 clones que se han evaluado para 
detector la presencia de PVX $e han hallado 350 clones libres del virus y al- 
gunos que a pesar de estar infectados no muestran sfntomas. Teniendo en 
cuenta que la mayor parte de estos clones han sido mantenidos por mas de 15 
affos en condiciones de ccmpo, las posibilidades de infeccion con PVX y otros 
virus han sido grandes, por lo que los clones libres pueden tener algun tipo de 
resistencia 4a cual es conveniente determinar. 

La metodologia que se esta siguiendo en los estudios de PVX ha 
sido planeada de acuerdo a la forma actual de propagacion del material yde 
su estado sanitario. De esta manera se puede resumir lo siguiente: 

a) Determinacion de infeccion con el virus por inoculacion meca- 
nica sobre Gomphrena globosa. 

b) Inoculacion con dos razas del virus a los clones que demuestren 
estar libres bafo condiciones de invernadero. 

c) Experimentos de campo. Exposicion del material a infeccion 
natural. 
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Los dos primeros puntos permitiran la determinacion de susceptibi- 
lidad, hipersensibi lidad e inmunidad, mientras que el ultimo ademas de com- 
probar las reacciones anteriores permitiran determinar la resistencia a la in- 
feccion y tolerancia. Es evidenteque puede incurrirse en algun error al hacer 
los estudios con material que pueda estar infectado con otros virus; sin embar¬ 
go, el riesgo es mfnimo ya que su presencia sera determinada, en lo posible, 
en todos los clones que indiquen algun tipo de reaccion de resistencia„ 

Los estudios sobre resistencia a otros virus seguiran esencialmente 
la misma secuencia que para el virus X. La excepcion estara dada por la 
forma de transmision natural del virus y las tecnicas tendran que ser adecua- 
das a las circunstancias. 








NEWLY DETECTED POTATO VIRUSES IN PERU 


C.E. Fribourg and L.F. Salazar 
Universidad Nacional Agraria, Lima, Peru; 
and Centro Internacional de La Papa 


Potato Virus Y (PVY) and Potato Virus X (PVX), themost common 
potato viruses affecting potato in other areas of the world have been found 
under Peruvian conditions. The former induces vein necrosis on Renacimiento 
variety, the latter seems to be present as several closely related strains fn 
ducing mainly mosaics. The symptomatology of PVX on indicator hosts is the 
same as reported for the common strain but the dilution end point is unusual as 
it is above 1/1,000,000. The thermal inactivation point is variable between 
65-70°C and 70-75°C. 

From potato plants showing different symptoms we have isolated 3 
viruses which were named: 1) Calico, 2) Mosaic - 1 and 3) Mosaic-2 . 
Calico was isolated from plants of the variety Ticahuasi in the central coast 
region, and mosaic-1 from Renacimiento plants showing mosaic, and mosaic-2 
from an unknown variety in Huancayo valley with symptoms of strong mosaic, 
cupping of the leaves and some necrosis. The symptoms of these 3 viruses on 
indicator plants are given in Table 1 . 

Calico had a wide host range and it induced necrotic-ring spot 
symptoms. The other two viruses induced mainly mosaics. From a large num¬ 
ber of indicators tested, N . occidental is and N . megalosiphon were the most 
useful as they reacted witFTlthe three viruses. 

Attempts to transmit calico with Myzus persicae gave negative re¬ 
sults. Later we found a similitude between this virus and a virus isolated from 
tobacco which we believe is tomato spotted wilt (TSWV). However, calico 
failed to protect tobacco from entre of TSWV and when tested against TSWV 
antiserum, results were negative. In subsequent inmuno difussion tests this 
virus reacted against tobacco ring spot antiserum. 
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TABLE 1. Symptoms induced by three viruses isolated from potato, on indi 
cator hosts« 



Calico 

Mosaic 1 

Mosaic 2 

Datura 

stramonium 

mosaic, 

necrotic 

no 

symptoms 

no 

symptoms 

Cheno podium 
quinoa 

necrotic 

sunken 

spots 

no 

symptoms 

no 

symptoms 

Gomphrena 

globosa 

epinasty, 

mosaic 

no 

symptoms 

mild 

mosaic 

Nicotiana 

debneyi 

chlorotic- 

necrotic 

rings 

vein 

clearing 

no 

symptoms 

Nicotiana 
occidental is 

chlorotic- 

necrotic 

rings 

strong 

mosaic 

mild 

mosaic 

Nicotiana 

megalosiphon 

chlorotic- 

necrotic 

rings 

mosaic 

mosaic, 

necrotic 

spots 

Solanum 

chancayense 

leaf 

necrosis 

mosaic, 

leaf 

deformation 

no 

symptoms 

Solanum 

chacoense 

no 

symptoms 

mosaic 

no 

symptoms 

Solanum 

demissum 

no 

symptoms 

necrotic 

spots 

mild 

mosaic 
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TABLE 2. Symptoms induced by three viruses isolated from potato on indica¬ 
tor hosts; and their physical properties 



Virus 3 

Virus 4 

Virus 5 

Gomphrena 

giobosa 

necrotic 

spots 

no 

symptoms 

no 

symptoms 

Chenopodium 

quinoa 

chlorotic 

spots 

no 

symptoms 

no 

symptoms 

Nicotiana 

glutinosa 

necrotic 

spots 

no 

symptoms 

no 

symptoms 

Nicotiana 

rustica 

no 

symptoms 

chlorotic 

spots 

no 

symptoms 

Nicandra 

physaloides 

necrotic 

spots 

no 

symptoms 

no 

symptoms 

Phaseolus 

vulgaris 

necrotic 

spots 

vein 

necrosis 

no 

symptoms 

Dilution 
end point 

-4 -5 

10 -10 

-3 

+ 10 

— 

Inactivation 

point 

70-80°C 

+ 60*C 

- 

Resistance to 
aging 

months 

days 
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On the basis of symptomatology mosaic-1 appeared to be PVY but 
when inoculated to the clone A6X it did not induce the formation of typical 
necrotic spots; neither did it react with PVY antiserum. In cross protection 
tests using Physalis floridana as an indicator host it fai led to protect this plant 
from entry of PVY; on the contrary, there appeared to be a synergistic effect. 
Transmission by Myzus persicae could not be demonstrated. 

Mosaic - 2 infected several species which reacted with mild mosaic 
or no symptoms. We could not find a similitude between this virus and any 
known potato virus. 

The identity of these viruses, with the exception of calico, remains 
obscure. Physical property and electron microscopy studies will help complete 
the identification process. 

Three other viruses have been under study for identification. These, 
named virus-3, virus-4 and virus-5 have been isolated from potato plants shovr 
ing symptoms of fine necrotic dots, necrosis of leaf margins and apical leaf roll 

respectively. 

The symptomatology of these 3 virus on some indicator hosts, and 
physical properties, are given in Table 2. 

Both virus-3 and virus-4 could be transmitted mechanically. Virus- 
5 was transmitted only by grafting and by aphids (it isapparentlya circulative 
virus with an acquisition feeding periods of 3 days). 

Physical properties of the first two viruses were determined. Virus- 
3 seems to be rather stable, with a high thermal inactivation point and great 
resistance to aging. 

No similitude could be found between these and other known potcto 
viruses. Further studies will determine if they are new viruses. 
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MAJOR PATHOLOGICAL RESISTANCES NEEDED FOR ADAPTING 
THE POTATO TO THE LOWLAND TROPICS AND THE 
POSSIBILITIES OF OBTAINING THEM 

H, David Thurston and E.R, French 
Cornell University, Ithaca, N.Y., U.S.A, & 

Centro Internacional de la Papa, Lima, Peru 


This paper is not a comprehensive survey of the literature on major 
pathological resistances*needed for adapting the potato to the lowland tropics, 
since there was insufficient time to undertake a thorough review due to the 
short notice with which this symposium was organized. Much information is 
lacking to do more than draw attention to what appear to be the major factors, 
it becomes evident in looking at the literature, however, that considerable 
gaps in our knowledge of problems exist, and that a cooperative effort to 
define problems - present and future - would be useful. 

One major problem in evaluating published information is that au¬ 
thors seldom give the altitude at which a problem was found or work was con¬ 
ducted. Another problem is to define lowland tropics. The tropics consist of 
the zone bounded on the north by the tropic of Cancer and on the south by 
the tropic of Capricorn, The latitude at these points is 23°27*. Some would 
extend the tropics to include the area between 30° North and 30° South lati¬ 
tude. A few minutes of study with a globe will show that most "developing" 
countries are in or on the border of the tropics, Uruguay, for example, is the 
only country of Latin America with its boundaries entirely within the temper¬ 
ate zone. In Africa only Morocco and Tunisia are entirely within the temper¬ 
ate zone. 


Because of the effect of altitude, many crops grown in temperate 
zones are also grown in the tropics. Seasonality exists with respect to rainfall, 
but the extremes and seasonality of temperature we experience in temperate 
zones does not. Daylength also has a striking effect on crops (including po¬ 
tatoes) in the tropics, but changes in length of day and in solar radiation are 
small in comparison with the corresponding changes in temperate zones. Thus, 
even when working with crop plants which are common in temperate zones. 
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adaptive research is necessary when working with them in the tropics* The 
tropics should not be thought of as a single unit however, as a wide diversity 
of ecological and climatic regions can be found within them* 


There are other ways of defining the tropics than by latitude. To 
quote Wellman (33) "The thermal equator, also called the heat equator, as it 
occurs in the Western Hemisphere slants downward from north to south, not 
following the geographical Equator and only touching it once, where they 
cross, Itsnorth and south edges are limited to where there isyear round growth 
of freezing-sensitive plants such as palms". 


We still haven't defined "lowland tropics", but perhaps some of 
the complications involved in defining it are more apparent* We will arbi¬ 
trarily here define lowland tropics as those regions of the tropics at elevations 
between sea level and 1000 meters. Although these areas range from very wet 
to very dry, they represent the greatest remaining potential for producing 
food for an exploding world population. Almost 90% of Latin America is low¬ 
land, yet only a small percentage of its population lives in the "lowland tro- 
pics 1 o 


First let us look at areas where potatoes are grown in "lowland 
tropics". Table 1 gives the production and area of potatoes in some "tropical 
countries", Accurate data do not exist with which to give the percentage of 
potatoes in each country that are grown below 1000 m, but at the risk of get¬ 
ting into trouble we will engage in some speculation* 


In Colombia the lowest elevation at which potatoes are extensively 
grown commercially is 1760 m. Potatoes can and have been grown at 1000 m 
(i.e. Cali), but because extensive highland areas are available, it is not 
economic in Colombia to grow potatoes at lower elevations. 

Potatoes are grown in Ceylon from 750-2000 m (32) * Venezuela 
has some potato production in the Andes at high elevations, but much of the 
potato production isat 400-600 m. According to Montaldo (20) about 50% of 
the potato production in the states of Aragua and Carabobo of Venezuela was 
between 450-1000,m. 

Almost all of the potato production in Brazil is below 1000 m in 
the states extending from Rio Grande do Sul to Minas Gerais at latitudes from 
25° to 30° according to Deslandes (7), 
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TABLE 1 <, Hectares grown and production of potatoes in selected tropical 
countries,, 1/ 


Country 

Area - Hectares 

Production - Metric tons 

Brazil 

240,000 

1,690,000 

Ceylon 

3,000 

24,000 

Colombia 

100,000 

1,M 0,000 

Congo 

3,000 

16,000 

Costa Rica 

2,000 

17,000 

Cuba 

9,000 

120,000 

Ecuador 

47,000 

370,000 

Jamaica 

. •' 2,000 

13,000 . 

Kenya 

55,000 

200,000 

Panama 

2,000 < 

• 9,000 

Philippines 

3,000' 

18,000/ 

Venezuela 

16,000 

136,000 

Africa 

319,000 

2,234,000 

Latin America 

1,144,000 

9,709,000 


1/ Data from 1970 FAO- World Production Yearbook, - Vo 1 0 24, 


In Peru, although the Pacific coastal area is a specialized case 
since it is cooled by the Humboldt Current and receives almost no rainfall, 
extensive potato production under irrigation is found near sea level. 

The two major disease problems of potatoes in the‘Howland tropics" 
which are obviousare bacterial wilt caused by Pseudomonas solanacearum, and 
viruses. However, many other disease problems are found in the lowland tro¬ 
pics and we will try to identify the more important ones, 

P.. solanacearum is widely distributed in almost all tropical areas 
(1,6,14) and attacks a wide range of wild and cultivated crops including po¬ 
tatoes, tobacco, bananas, tomato, eggplant, .and peanuts, Thfere are three 
races (6) but only two of them (races 1 and 3) are economically serious on po¬ 
tato, Race 2 (the banana race) will however, affect potatoes when artificially 
inoculated (29), Race 3 from potatoes has a lower temperature optimum than 
the other races (21, 28) which permits disease development at higher eleva¬ 
tions with cooler temperatures (13,28), However, this lower temperature op¬ 
timum does not appear to result in a reduced virulence at high temperatures 
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with respect to race 1 isolates (8). jt is probable that race 1 is of greatest 
importance in the lowland tropics. It is well established in the literature that 
race 1 of P, solanacearum is an organism that causes disease only under re¬ 
lative high temperatures. Most authors give 30-35°C as the optimum in vi“ 
tro for £. solanacearum . In the field Meier & Link (19) on the basis of obser¬ 
vations, not experimental data, list 25-36° C as optimum for disease develop¬ 
ment in potatoes and state that below 13°C the disease is inhibited, Vaughn 
(31) working with tomatoes in the greenhouse found that infections occurred 
at a soil temperature of 12„8°C but that ordinarily symptoms did not develop 
unless the soil temperature remained at 21.1°C or higher for several days;- at 
soil temperatures of 21,1 - 43,3°C the rate of disease development increased 
as temperature increased, Gallegly & Walker (10), also working with toma¬ 
toes in the greenhouse found that the disease developed most rapidly in plants 
grown in soil at 30-36°C. When the soil temperature was maintained at 28°C 
and plants were grown at different air temperatures, maximum disease devel¬ 
opment occurred at an air temperature of 28°C. 

From the above data it can be concluded that race 1 of solana¬ 
cearum can attack potatoes at most of the soil and air temperatures that would 
be found in the lowland tropics. 

Several authors state that P. solanacearum is a limiting factor in 
growing potatoes at low elevations in the tropics and that the disease becomes 
more important as temperatures increase, i-.e, potatoes are grown at lower 
elevations (3, 14, 28, 32, 34) D 

Much of the literature (14) indicates that the bacterium can survive 
in soil for long periods of time without susceptible hosts. However, Sequeira 
(25) found that following, and planting Kudzu for 24 months effectively con¬ 
trolled race 2 of solanacearum in the soil. Even 18months greatly reduced 
populations. He suggests that the bacteria may not survive in the soil for long 
periods without susceptible weed hosts. This control method may not be fea¬ 
sible in the lowland tropics because of the many plant hosts of P. solanacea ¬ 
rum and the difficulties of maintaining a completely clean fallow for long pe¬ 
riods of time. This method also may not be as effective against race 1 which 
attacks potatoes and other Solanaceous hosts. In Kenya Robinson (23) noted 
that the pathogen could survive for many years in infested soil and that once 
infested, land is essentially ruined for further potato cultivation. 

Many control methods have been suggested for control of bacterial 
wilt in the lowland tropics (14), including chemical control,- rotations, fal¬ 
lowing, flood fallowing, the use of certified seed, etc., but none of these 
are effective on an economic basis once the organism becomes established. 



RESISTANCES NEEDED FOR THE LOWLAND TROPICS 


240 


Resistpnt varieties seem to be the only practical solution to control 
of bacterial wilt of potatoes in the lowland tropics. Nielsen & Haynes (22) 
initiated a program in 1947 looking for resistance to P. ;golanacearum in po-. 
tato and eliminated a- large number of clones of Solanum tuberosum, and other 
Solanum sp, as possible sources of resistance. Several other studies have been 
made to locate acceptable levels of resistance (14, 27, 32) but none of the 
clones selected for resistance survived when planted in several tropical areas. 

Robinson (23) found both vertical and horizontal resistance in po¬ 
tatoes to P. solaridcearum and recommends concentrating on horizontal resist¬ 
ance. Thurston (29) and Thurston &‘Lozano (30) found high levels of resist¬ 
ance to Po solanacearum in $^ 0 phurefa, which was also found to be useful in 
Kenya by Robinson (23)-and in Wisconsin by Sequeira & Rowe (26) and Rowe $ 
Sequeira (24). Some S. phureja clones were resistant to races 1,2, and 3 and 
in addition to many isolates of different virulence (26,30). Preliminary results 
in Colombia, Brazil and Costa Rica’indicate that the S_. phurefa resistance 
holds up in the field (26). Rowe & Sequeira (24) found that three, dominant 
and independent genes provide,resistance. Although S. phurefa is a diploid 
it can readily be crossed with haploid S. tuberosum clonesan'dSequefra &ffcwe 
have developed resistant cultivars with acceptable commercial characteristics 
plus resistance to Phytophthora infestans . 

It is hoped that this resistance to-P. solanacearum found in S. phu¬ 
refa wiil be useful in the lowland tropics, and potato workers are urged to 
test i|- under their field conditions. 

Potato species are found in their regions of origin at elevations 
that range from close to the lowland humid tropics to close to the snow belt. 
The diseases affecting them are, like the potatoes themselves, adapted to a 
given range of environmental conditions. These ranges, however, vary con¬ 
siderably from one individual culti'var to another, be it host or pathogen that 
is under consideration. 

There is considerable evidence for the adaptability of potato pa¬ 
thogens to new environments, Bu.t;dlso'f6fjth’e,adaptation of non-pathogens to 
potatoes when these are grown in new habitats. Examples of the first are quite 
apparent when one considers that potatoes are grown in .regions very distant 
from their centers of origin qhd that most of the diseases known at these cen¬ 
ters of origin, have travelled'and prospered with them. Indications that some 
of these diseases are adaptable or more damaging when’, potato cultivars orig¬ 
inating in the cool highland tropics are grown in warfner tropical locations, 
are found in observations of the incidence of some diseases of the highlands 
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of Peru, that are now known on the cool-to-warm Irrigated and coastal val¬ 
leys where potatoes have been grown for only a few decades (9), as follows: 

1 * Sclerotium rolfsii , the cause of basal rot or “Southern blight™ is more 
serious the warmer and more humid the conditions. 

2. Thecaphora so Ian i , the causal agent of potato smut, is far more serious 
in the coastal valleys than the high lands, resulting in near total losses or 
the need for long rotations. 

3. Phytophthora erythroseptica (which causes pink rot) is becoming increas¬ 
ingly serious in the coastal valleys, its incidence increasing with higher 
temperature and humidity. 

4. Purple top or Aster yellows “virus" -this disease is rare in the highlands, 
but can cause total loss of productivity on the coast where the leaf hop¬ 
per vectors and principal hosts are common. This principle applies to 
many viruses that are transmitted by numerous insects that proliferate 
under warm (and moist) conditions. 

5. Meloidogyne incognita - the root knot nematode is important wherever 
introduced a(ong~tKe coast, but is most severe . in the warmer locations 
on the fringe, or beyond the range of normal production. 

r 

6. Sclerotinia sclerotiorum - Scierotinia disease, is common although not 
severe in the highlands, but has caused severe losses at some coastal lo¬ 
cations . 

7. Colietotrichum atramentarium - black-dot is not considered a virulent 
pathogen elsewhere, but on the coast of Peru it is quite damaging. 

Evidence for the adaptation of a non-pathogen to cultivated pota¬ 
toes has been hinted at by the sequence of events in the development of an 
epidemic of brown rot, ( Pseudq monos solanaceorum) in Peru. The disease was 
first noted in an isolated area at a low elevation (2000 m) at a near-fungle 
location. Three years later it had apparently spread, through the indiscrim¬ 
inate use of tubers for seed, from that location to neighboring ones at vary¬ 
ing elevations. The disease was less evident at higher altitudes to the point 
that at the hither sites (3,200 m) no sumptoms were evident, /but-when tubers 
from these plants were planted at lower elevations, they were - shown to be 
carriers of the disease (9). The original source of the bacterium was probably 
a solanaceous plant, possibly even a wild potato. 
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From the above examples, it is evident that some diseases will ac¬ 
company potatoes, if adequate means from their dispersal exist, from coo! to 
warmer tropical locations. Evidence could also be presented for the likeli¬ 
hood that some diseases would not adapt to the warmer conditions. Other 
microorganisms may adapt and also become pathogens to potatoes. It there¬ 
fore seems likely that the magnitude of the problem will depend upon the par¬ 
ticulars of each lowland tropic location. It would, however, seem most like¬ 
ly that potatoes could be adapted most readily to growth in the atipical low¬ 
land tropical environment, i.e. locations where cultivation can be-carried out 
in the drier season (with irrigation if necessary), .abnormally cool-locations 
like those of coastal arid Peru, island climates, etc. 

Many of the common diseases of potatoes have been sporadically 
reported when potatoes were grown in the lowland tropics. Unfortunately it 
is difficult to judge from the literature how widespread or severe l ?they are. 
Some of those mentioned as serious follow. 

Several species of nematodes seem to cause serious losses on pota¬ 
toes in the lowland tropics. Several species of Meloidogyne (root knot nema¬ 
todes) including Meloidogyne incognita are frequently noted as damaging (2, 
15,16,17,18). The golden nematode (Heteroderarostochiensis) although pre¬ 
sent in the coastal region of Peru does not seem to multiply to high po'pj?lo¬ 
tions or cause the serious losses that it does in the higher elevations. Consid¬ 
erable work needs to be done to determine the importance and potential of 
nematodes in lowland potato plantings. 

Black leg ( Erwinia carotovora) was noted as a serious problem in 
trials in Trinidad (12). The organism ( Erwinia carotovora) causing soft rot of 
potatoes is known to be more serious under conditions of high temperatures, 
thus storage problems in lowland tropical areas will be more difficult than in 
cool climates. Black wart ( Synchytrium endobioticum) has occurred on pota¬ 
toes in some lowland areas in Peru (11). Verticiliium wilt caused by Verticil - 
lium albo-atrum is reported to bean important disease of potatoes in the coast¬ 
al area of Peru (4). 

Viruses will undoubtedlybe one of the most serious problems of po¬ 
tatoes in the lowland tropics. The optimal conditions for insect vectors, high 
rainfall and consequent difficulty of Insect control, will mean that new seed 
will have to be provided at more frequent intervals than in higher, cooler 
areas. Which viruses will be more serious is unknown. 

It is not necessary to review the voluminous literature on Phytoph- 
thora infestans which causes late blight of potatoes, since it has alrepdy been 
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done many times. Little information was found on the importance of P, infes- 
tans in the lowland tropics. In the humid but near rainless central coast re¬ 
gion of Peru where potatoes are a winter crop late blight can become a limit¬ 
ing factor to potato production during certain years, unless a spray schedule 
is implemented (5), Since the authors have also seen late blight on tomatoes 
in the lowland tropics, there is little doubt that if will be of importance on 
potatoes. 


With the exception of the discussion,on bacterial wilt caused by F\, 
solanacearum little has been said on sources of resistance to the diseases of 
potatoes in the lowland tropics. It is beyond the scope of this paper to ade¬ 
quately discuss sources of resistance for potatoes to the multitude of diseases 
present in, or potential to the lowland tropics. Because of the often primitive 
nature of agriculture in many areas of the lowland tropics breeding for disease 
resistance may often be the only practical and economic method of disease 
control. Disease resistance will undoubtedly be found if past experience is any 
guide, but the task of assembling and screening the germplasm will be gigan¬ 
tic, Undoubtedly, much of the resistance may be found in Solanum species 
adapted to the lowland tropics, and such resistance may not be readily trans- 
ferrable to clones suitable on the basis of their adaptation to the tropical low¬ 
lands. A negative factor to be taken into account is that when selection 
pressure is applied for agronomic or physio logic adaptation to the lowland tro¬ 
pics, there will be a tendency to "loose" some useful genes, including those 
for disease resistance. The Centro Infernacional de la Papa can serve a most 
useful 1 function in the overall- problem of identifying disease problems in the 
tropical lowlands and‘Tfrtding resistance which will help control these pro - 
blems, 

The following are suggestions of activities which might be consid¬ 
ered; 

1. Compilation of a comprehensive literature review on pathological pro¬ 
blems in the lowland tropics. 

2. Establishment of long term "disease nurseries" or "disease gardens” in dif¬ 
ferent representative lowland tropical locations to determine on a stand¬ 
ard set of potato clones the problems now present and those which may 
develop, 

3. Establishment of a newsletter for "lowland tropica! potato workers" to fa¬ 
cilitate communication among research and extension workers. 
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4. Support of project to locate resistance to the most serious disease pro¬ 
blems of potatoes in the lowland tropics. 
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METHODS FOR ADAPTING THE POTATO 
TO THE LOWLAND TROPICS 

Date E , van der Zaag, 

Research Station for Arable Farming, 
Wageningen, Netherlands 


To increase yield of the potato crop or to improve the quality of the 
tubers two ways can be followed! development of breeding programmes,, and 
improvement of growing methods l These two ways areas applicableto the Low¬ 
land Tropics, as they have been shown to be elsewhere,. 

* 

In this symposium much attention is being paid to the improvementof 
the potato crop by breeding. For the long run this Is a very important way to 
increase yield and quality, especially for difficult conditions as those that oc¬ 
cur in the Lowland Tropics, However, we must be well aware that to breed 
new varieties that can produce more than the existing ones requires consicbrable 
time. As it is so important to improve the crop in a short time, 1 would like to 
draw your attention to the second way, namely-the improvementof growing me¬ 
thods. 


To discuss the growing methods we could take the various methods 
separately, such as soil preparation, fertilization and irrigation, iwouldpre- 
fer to discuss with you some characteristics of the crop in relation to growing 
methods. These are the ratio haulm weight/tuber weight and tuber sizeand 
, shape. I will discuss very briefly which factors influence these characteristics 
of the crop andhow growers may use these factors to adapt the crop to specific 
conditions,. 1 will also make some remarks’on the introduction of new varieties, 
and seed supply. Though these two subjects do not belong to methods in a nar¬ 
row sense, they.are important to achieve results in a short time. 

Introduction of the best adapted varieties 

To be sure that the best available varieties are grown in a country 
or in a certain region, an extensive varietal testing programme must be carried 
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out. Even In a small country like the Netherlands in which in comparison with 
most countries an extremely small climatic variation exists and yearly only one 
planting time occurs, 30 varietal trials are carried out. 

To limit the numberof varieties that must be tested it appears to be 
advisable to test in a few placesall varieties in the world that may be of inte¬ 
rest in the region and to select from these after one or two years a reasonably 
small number to be tested in many places. Not only the number of varietal 
trials is importont, but alsothe quality,of the observation. It is very important 
to.give afterwards explanations for the*obtained differences in yield. Well 
executed varietal trialsstimulate research to adapt the bestgrowing method for- 
promising varieties. 

A specific point for the conditions of the' lowland tropics is the reac¬ 
tion’ of varieties to fairly short days and high temperatures. It is evident that 
varieties whose haulms are damaged by high temperature or whose haulm growth 
is restricted by periods with high temperature, should be excluded. Good 
haulm growth at high temperature is not sufficient; as it is well-known that high 
temperature can disturb the balance between haulm and tubergrowth in the 
direction of haulmgrowth. By varying the growing methods, something can be 
done to bring haulm and tubergrowth into a proper balance. 

Haulmweight/tuberweight ratio 

The ratio haulmweight/tuberweight is an extremely important cha¬ 
racteristic of a potato crop. I would like to call it the growth type of a crop. 
A crop with a long growing season should show another growth type than a 
crop with a short growing season. This is explained in Fig, 1. Several fac¬ 
tors influence this growth type. Factors that stimulate haulmgrowth are: seed 
tubers and sprouts that are physiologically young, long days, low light inten¬ 
sity, high temperature, high nitrogen supply, high water supply of the soil and 
high stem number per m^. . Tuber growth'Is stimulated by the opposite of these 
factors. Also the variety affects this - ratio. Some varieties form abundant 
haulms (in general late varieties in temperate zones), and others form less 
haulms (in general early varieties in temperate zones). 

In Europe growers make use of the mentioned factors to influence 
the ratio haulmgrowth/tubergrowth. For early crops, such as those for seed 
potato production in Holland farmers try to plant seed that is physiologically 
fairly old, and apply much less nitrogen that on crops that can be l harvested 
fate. The seed for these crops - crops with a long growing season - should be 
physiologically young. 
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FIGURE 1. Two growth types: 1. crop from physiologically old seed 

2. crop from physiologically young seed 
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Under lowland tropic conditions the temperature is such a predomi¬ 
nant factorthat the balance between haulmgrowth and tubergrowth is disturbed 
in the direction of haulmgrowth, with the result that tuber yield isoftenpoor, 
despite the short days and the high light intensity., 1 therefore suggest that re¬ 
search should be done to obtain more information on the effect of physiologi¬ 
cal age of the seed tubers and sprouts ,water and nitrogen supply and stem num¬ 
ber on the growth type of the potato crop in lowland tropic conditions. Such 
information could then be applied to obtain a more optimal ratio under these 
conditions. 

Tuber size and shape 

Total tuber yield is not so important as the yield of tubers that can 
be marketed.. To improve the yield of tubers of the desired size,it is essential 
to know the factors that influence this size. Next to tuber yield, the number 
of main stems is an over riding factor. This is shown under Dutch conditions in 
Figure 2. Figure 3 gives these and other very important factors. Research on 
these factors under tropical conditions is essential so that growers can make 
use of it. 

For the market the regularity of the shapeof thetuber Is important. 
Irregularities such as growth cracks, swollen protrusions from the eyes and pro¬ 
longation and swelling of the*rose-end are the first signsof second growth. A 
crop grown under high temperature conditions can be extremely sensitive for 
second growth. Each growth shock must therefore be avoided,that means that 
an even water supply of the crop is essential. This can be achieved by regu¬ 
lar irrigation and by intensive rooting of the sub-soil, so that the water in a 
deep layer of soil is available for the crop. This may help to overcome short¬ 
age of water during short periods, i believe that more information is needed 
for the tropics on the relationship between irrigation and rootgrowthonone 
side and tuber shape and yield on the other side. This information may help to 
improve the regularity of tuber growths That means higher yield and less mis¬ 
shapen tubers. 

Seed supply 


The three main requirements to be made for seed are: 

+ 1. Reasonable health standard. 

2. Tubers in a physiological stqge that results in rapid emergence with suffi¬ 
cient stems and so that good haulm development may be expected. 

3. Reasonable ratio between seed and ware price. 
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tuber yield 



FIGURE 2. Relationship between number of main stems and yield and 
tuber size (mm) . Derived from data of Reestman and 
Bod laender. 
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The aim of reasonable health standard is 1) to avoid introduction 
of dangerous potato diseases - especially soil-born organisms that can be 
transmitted with the seed and 2) to achieve a good yielding crop* This means 
that all must be done to prevent spread of dangerous potato diseases with the 
seed* For such diseases no tolerance can be accepted 0 Another question is 
the level of infection of the seed with diseases, that do occur within a coun¬ 
try* This level may not be too high because these diseases decrease the yield. 
If the desired level of infection should be very low, price of the seed will be 
too high. For virus diseases we will discuss this in more detail. 

The effect of virus diseased plants on tuber yield is fairly well 
known in temperate zones (Fig, 4), The decrease in yield is determined by 
the type of virus and the crowding coefficient of the crop. The effect of high 
temperature on the yield of virus diseased plants is not so well known. There 
are indications that decrease in yield by virus-infection is stronger under high 
temperature condition than in temperate zones. 

For viruses that restric haulmgrowth markedly, we assume that D= 
1/2H and that for viruses that give only very small poor plants D=]/3H (ex¬ 
planation D and H see Figure 4), 

Not under all circumstances does seed with very high health stand¬ 
ards give the best financial return. The extra cost of such seed must be less 
than the extra financial return obtained by the higher yield. 

Figure 5, derived from Figure 4 shows the points where the reduc¬ 
tion in financial return through virus infection is in balance with the price 
difference of the seed used and seed producing less than 1% virus diseased 
plants. This figure shows clearly that if price differences are large (expressed 
in ware price) between ware and healthy seed f seed with much lower health 
standard for virus diseases must be accepted only for financial reasons. 

Virus diseases are not the only diseases. Fungi, bacteria and other 
pests that can be transmitted with the seed, -affect yield also. No accurate 
data are available for these diseases, so we will not discuss them. 

It is evident that seed multiplication in a country pays for itself if 
the following requirements are mets 

1, No occurrence of dangerous potato diseases that may not be spread to 
healthy regions. 
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with virus diseased plants 


FIGURE 5. Difference in seed price (expressed in terms of ware price) between 
seed with or without virus infection in relotion to the reduction 
in financial return resulting from the use of seed with virus infec - 
tion (derived from Figure 4). 
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2, Reasonable control of virus infection, 

i 

3, Reasonable control of fungal ancLbacterial diseases that can be transmitted 

with the seed, . 

4, Adequate storage conditions to deliver the. seed in optimal physiological 
state to ware growers, 

5, Farmers who know how to grow potatoes, 

6 0 Scientists who attend the multiplication, 

We all will agree that it is much better to start with a simple pro¬ 
gramme and make it more .complete with the years, than to start immediately 
with a fairly complete programme, 

' With simple methods much can be achieved. The methods develop¬ 
ed* in Northern countries must be adapted to tropical conditions,. An impor¬ 
tant point is also the storage condition of the seed. Storage conditions must 
be adapted to the desired physiological age of the seed tuber at planting. 
More information on this subject for tropical conditions is needed. - 

With these few examples. I have tried to show you that much more 
research could be ' done in tropical countries to improve the growing methods. 
Several methods developed in the temperate zone can be applied also in tro¬ 
pical'zones if they are adapted to these conditions,. More exchange of results 
and more coordination of such research could be useful. 

’ t ' 
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ADAPTATION OF THE POTATO TO THE WARMER 
GROWING AREAS IN INDIA 


M. D. Upadhya and Mukhtar Singh 
Central Potato Research Institute, Simla 

Although the potato originated in the tropics, its potentialities 
were exploited mainly in temperate regions. Undoubtedly it did move to 
countries such as India, in the tropical and sub-tropical regions, but the 
levels of production in the warmer areas in these regions compare poorly with 
those in the temperate region. To a point, this is to be expected as the crop 
,is best adapted to cool climates- High temperatures in early stages of plant 
growth or at planting time affect the crop stand and growth habit of the plant. 
Warmer conditions during periodsof active growth and tuberisation reduce the 
tuber yields. Temperatures between 15-20*0 are close to optimal for bal¬ 
anced growth and tuberisation. The net supply of carbohydrates available for 
accumulation in tubers diminishes progressively with rise in temperature above 
about 20°C, and is practically nil above 34°C (3). In India, high tempera¬ 
tures towards the maturation phase of the crop predispose the tubers to infec¬ 
tion with the charcoal rot fungus (9). 

Extent of the Problem in India: In the high hills of India, altitude modifies 
the effect of latitude and the temperatures remain below 20° C during the po¬ 
tato crop season, as in the temperate-regions. The position is much different 
in the mid-hills, plains and plateau areas. In the North-Western plains (sub¬ 
tropical zone), the early and the autumn crops iffcthe early stages are exposed 
to high temperatures. The temperatures become quite favourable during No¬ 
vember but fall off rapidly in December until frost kills the croppre-maturely. 
The spring crop suffers in the tuber enlargement phase from high temperatures. 
In the North - Central and North - Eastern plains too, the early and the main 
crops start off at relatively high temperature till the later part of October; 
high temperatures also prevail towards the end of the crop season. In the tro¬ 
pical plateau region, in peninsular India, the rabi (winter) crop is exposed to 
temperatures above 20° C throughout; and the rainy season crop grows under 
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still warmer conditions. In the strictly tropical plains, the temperatures are 
still higher* 

Possible Approaches to the Problem: The performance of the crop in warm 
areas could be improved, through two possible ways, 1) adoption of agronomic 
practices such as use of shade or mulches, pre-sprouting of seed, and 2) use 
of short duration or heat-tolerant varieties. The performance of an early crop 
was improved by planting in the shade of a legume, and removing the shade 
crop by the time the sprouts emerged (8). Alternatively, straw mulches could 
be used* Shading or mulching reduces the soil temperatures, but its benefi¬ 
cial effect is limited to a short period till the crop emerges. A practice such 
as pre-sprouting which gives the crop a good start, and greening which pre¬ 
vents seed decay, are also expected to be helpful. Short duration varieties, 
though necessary in the absence of something better, offer a partial relief as 
the yield is limited by the short growing season. 

If varieties which can resist high temperatures could be bred, the 
growing season of the crop could be prolonged at most locations and the 
yielding power of the crop could be Improved. Consequently, the cultivation 
of the crop could be extended beyond the existing frontiers and the area un¬ 
der, the crop in the existing tracts could be increased. This would obviously 
reduce the strain on the transportation system, as the large scale movement of 
the potato containing large volumes of water, over long distances could be 
avoided* Is this possible? Differential responses of potato genotypes to tem¬ 
perature, as indicated by the preliminary studies at the Central Potato Re¬ 
search Institute (CPRI) and elsewhere suggest that the problem though difficult 
is perhaps not insurmountable. The progress of studies at the CPRI on this 
problem is reviewed here: 

Earlier Studies on the Selection of Heat Tolerant Varieties : In the Fifties, 
field trials were conducted by the Institute in cooperation with the State 
Dept, of Agriculture, Madras (now Tamil Nadu) with a selected setof hybrids 
wi th a view to exploring the possibility of locating one or more hybrids which 
could grow and tuberise in the warmer regions (1). In these trials two hybrids 
namely, O.N. 2186 and O.N. 2145, were found to do well at Koilpatifin. 
the extreme south of the peninsular Indian plains. Another approach which 
was adopted at the Institute was to select suitable material from the wild 
species S. chacoense by inbreeding. By repeated selections among inbred 
progenies certain hybrids were selected with promise for growing in warmer 
areas; however, the tubers of these contained the alkaloid solanine, which 
imparts bitter taste (1) . 
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Further attempts were made to develop varieties resistant to heat. 
Khanna (4,5) screened selections from the progeny of crosses of selected par¬ 
ents for tolerance to high temperatures, by subjecting their clonal populations 
to 45°C day temperature and 30°C night temperature for 15 days and thereafter 
allowing them to tuberise under normal temperatures. Yield assessment of the 
heat tolerant selections was made at Patna (Bihar) . The performance of selec- • 
ted breeding materials was determined at Coimbtore ( Tamil Nadu ) by the 
State Department of Agriculture. This work resulted in the release of a hybrid 
under the name "Co-Simla 1 ’, which was considered to be heat-tolerant (2). 
However, the potentialities of this variety have not yet been realized com¬ 
mercially. 

Current Studies Based on Selection of Day Neutral Types: The programme of 
breeding varieties specifically for adaptation to warmer regions has been re¬ 
oriented recently. The present approach, is based on the development of a 
criterion, whereby a large population.of seedlings can be screened for itspos- 
sible adaptation to warmer conditions. Such a criterion has emerged from the 
studies on the photoperiodic response of potato varieties and the establishment 
of a relationship that exists between photoperiodic response and photorespi - 
ration. Purohit (6) differentiated genotypes, as-qualitative or quantitative 
short-day types or day-neutral, with reference to tuber induction. On the 
basis of the present concept ofphotoperiodism, varieties with strict day length 
requirement tuberising only below a critical day length, are qualitative; va¬ 
rieties having a potential to tuberise under both extremes of photoperiod with 
only delay in expression under longer days, are quantitative; whereas varie¬ 
ties which tuberise within the same period under both long and short days, are 
neutral. A study was then made of the photorespiration rate of three potat/o 
cultivars , one each of the qualitative short-day, quantitative short-day and 
day-neutral hybrids with respect to tuber induction. Photorespiration was 
maximum in the qualitative short-day and minimum in the day neutral hybrids 
(7). It is to be expected that minimization of photorespiration helps in increas¬ 
ing the availability of net photosynthates and varieties which are day-neutral 
with respect to tuber induction may also have higher yield potential. Such 
varieties may therefore not only have wider adaptability because of their ca¬ 
pacity to tuberise over a wide range, of temperatures (as well as day - length, 
conditions) but may also give increased yields because of higher photosyn¬ 
thetic efficiency (Purohit and Upadhya, unpublished). 

The basic studies are being utilized to isolate day-neutral geno¬ 
types from among seedlings at the earliest possible stage of the plant'breeding 
programme. For such screening the seedlings are being tested under two du¬ 
rations of light, viz., 1) continuous illumination for 24 hrs. and 2) 8 hrs. 
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light and 16 hrs. darkness. Genotypes or seedlings which tuberise at the same 
time under both sets of conditions are true day-neutrals or insensitive to day 
length (10). With this technique,over 80,000 hybrids resulting from different 
cross combinations were screened and about 83 day-neutral genotypes isolated. 
These selections are under multiplication and initial evaluation studies. Some 
of the genotypes along with released varieties are being tested in the off sea¬ 
son, by planting them in preliminary trials by April 20, 1972 at Khed-Poona. 
The temperatures have been exceptionally high, around 40°C during the day 
and 28-30° C at night up to the middle of June. 

Under another project, mutants of established varieties are being 
screened for selection of those with day-neutral reaction. Day-neutral mut¬ 
ants of the culture "O.T." have been isolated (11). In an adaptative trial 
at Simla in summer, 1972, under conditions of relatively wanner and longer 
days (temperatures up to 35°C and day-length of 14 hrs'.) the day neutral mut¬ 
ants of "O.T." yielded up to..480 g, of tubers per plant in 85 days after 
planting, whereasthe released varieties such as Kufri Chandramukhi and Kufri 
Jyoti produced smaller yield. 

The foregoing preliminary studies have given promising results and 
suggest that the selection of day-neutral genotypes, might pave the way for 
developing varieties adapted to warmer'areas. Incidentally, such varieties 
will also do equally well in another season or another area, with dissimilar 
conditions of day-length. For example, in the plateau regions of India, two 
crops of potatoes (one in winter and the other in the rainy season) are grown, 
and seed is often obtained from higher hills where the crop is grown under 
longer day conditions. 

Day-neutral types will be subjected to further evaluation for yield 
and qualify characters. The best ones will ultimately be tested in the warmer 
region. The relative economics of the potato with the use of more heat tol¬ 
erant varieties will be worked out in comparison with alternative crops in the 
appropriate cropping patterns. 
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REPORT OF THE COMMITTEE ON CIP PROGRAM AND OBJECTIVES 
FIRST SYMPOSIUM, JULY 17 - 19, 1972 


The General Director of the Centro Internacional de la Papa, Dr. 
Richard L. Sawyer, appointed a committee to make suggestions concerning the 
program of CIP, based on information derived from the Symposium on Key 
Problems and Potentials for Greater Use of the Potato in the Developing 
World. These recommendations were to be included in the proceedings of 
this Symposium. 

Those appointed to the committee were Dr. Edward R. French, Pre¬ 
sident of the Latin American Phytopat ho logical Society (A. L.F.), Dr. Roger 
Rowe, Leader of IR-1 Project U.S. Department of Agriculture, Dr. Robert 
Plaisted, President of the Potato Association of America, Dr. Hans Ross, 
Professor Max Planck Institut Germany, Dr. Mukhtar Singh, Director of the 
Potato Institute of India, Dr. Date van der Zaag, Secretary and editor of 
the European Potato Association, Dr. William Black, British Team working 
with potatoes in Kenya (absent). 

The committee met for lunch on July 18, at which time it was 
decided to only exchange ideas at that time and meet again during the after¬ 
noon of July 19 at CIP headquarters after the sessions were over. It was also 
decided to use as a base for analysis and recommendations the documentation 
on CIP that was prepared for the Technical Advisory Committee of the Con¬ 
sultative Group for International Agricultural Research. 

The committee met at 2:00 p.m. on July 19. The first action was 
select Dr. Rowe as Secretary. Also present at the meeting as invited partici¬ 
pants were Dr. S. C. Litzenberger, USAID, Dr. J. Niederhauser, CIP, Dr. 
P. Accatino, Chile, and Dr. V. Umaerus, Sweden. 

The committee gave its strong backing to the program presented in 
the documentation. The following suggestions emerged from the discussions 
and are presented here to lend weight to the program being developed. 
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Thai CIP make every effort to continue a program for testing potato 
clones for resistance to late blight in the Toluca Valley of Mexico. 

That CIP emphasize in its germ plasm collection the cultivars that can 
be collected in Latin America and that CIP publish as frequentlyas pos¬ 
sible a listing of the stocks and the screening data that are available. 

That in instances where core projects can be best done, from the techni¬ 
cal and financial standpoint, in locations other than at the Center, this 
should be done. A project may be located away from the Center because 
of biological requirements or the existence of a unique facility or capa¬ 
bility. 

That CIP add an entomologist to its projected staff and develop a re¬ 
search program on detecting resistance to insects. It is anticipated that 
insect problems will be severe in the lowland tropics. 

That research on cultural practices, storage, and general agronomic prac¬ 
tices be developed as part of the core program. 

The committee feels that newly trained Ph.D's from developing countries 
return immediately to their national responsibilities. Post doctorates can 
be used to develop scientists from more developed countries for foreign 
work. 

That every 3 years the Director (or Board of Directors) of this Center 
appoint a committee to review the scientific activities of the Center. 


P. Roger Rowe 
Secretary 
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